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ADVERTISEMENT. 


The Committee appointed by the Royal Society to direct the 
publication of the Philosophical Transactions , take this opportunity 
to acquaint the Public, that it fully appears, as well from the 
council-books and journals of the Society, as from repeated de- 
clarations which have been made in several former Transactiom i 
that the printing of them was always, from time to time, the 
single act of the respective Secretaries, till the Forty-seventh 
Volume: the Society, as a Body, never interesting themselves 
any further in their publication, than by occasionally recom- 
mending the revival of them to some of their Secretaries, when, 
from the particular circumstances of their affairs, the Transactions 
had happened for any length of time to be intermitted. And 
this seems principally to have been done with a view to satisfy 
thePublic, that their usual meetings were then continued, for the 
improvement of knowledge, and benefit of mankind, the great 
ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their 
communications more numerous, it was thought advisable that a 
Committee of their members should be appointed, to reconsider 
the papers read before them, and select out of them such as they 
should judge most proper for publication in the future Transac- 
tions; which was accordingly done upon the goth of March, 
1752. And the grounds of their choice are, and will continue to 
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be, the importance and singularity of the subjects, or the advan- 
tageous manner of treating them ; without pretending to answer 
for the certainty of the facts, or propriety of the reasonings, 
contained in the several papers so published, which must still 
rest on the credit or judgment of their respective authors. 

It is likewise necessary on this occasion to remark, that it is 
an established rule of the Society, to which they will always 
^dhere, never to give their opinion, as a Body, upon any sub- 
ject, either of Nature or Art, that comes before them. And 
therefore the thanks, which are frequently proposed from the 
Chair, to be given to the authors of such papers as are read at 
their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light 
than as a matter of civility, in return for the respect shewn to 
the Society by those communications. The like also is to be 
said with regard to the several projects, inventions, and curiosi- 
ties of various kinds, which are often exhibited to the Society; 
the authors whereof, or those who exhibit them, frequently 
take the liberty to report, and even to certify in the public 
news-papers, that they have met with the highest applause and 
approbation. And therefore it is hoped, that no regard will 
hereafter be paid to such reports and public notices ; which 
in some instances have been too lightly credited, to the disho- 
nour or the Society. 
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I. The Croonian Lecture. A farther investigation of the com- 
ponent parts of the Blood. By Sir Everard Home, Bart. 


V.P.R.S. 


Read November 4, 1819. 

As the capacity of one individual is rarely able to bring to 
perfection different branches of science, it is no wonder 
that, in the investigation of so complex a subject as the com- 
ponent parts of the blood, Hewson failed. Hunter fell short 
in the attempt, and Dr. Young, after the interesting discovery 
of the colouring matter being readily separated from the red 
globules, made no farther advance. This view of the sub- 
ject, led me, at the time I ventured upon this enquiry, to 
engage as my associates, Mr. Bauer, whose microscopical 
observations have been too long put to the proof, to admit of 
their being disputed ; and Professor Brande, whose chemical 
researches, and the judgment with which they have been 
pursued, are fully established. 

In two former Lectures, assisted by these skilful coadju- 
tors, I have been enabled to prove, that the human blood in the 
mdcccxx. B 
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act of coagulation, evolves aeriform matter, so as to pervade 
the coagulum in every direction ; and that such currents, 
passing through the serum, form permanent tubes, which 
are immediately afterwards filled with red blood, when the 
circumstances in which the coagulum is placed, admit of 
their being so. 

In the present -Lecture, I trust that I am enabled to make 
out the greater number, if not the whole, of the component 
parts of the blood. 

My former experiments were made upon coagula recently 
formed from the blood, whether out of the body, or in 
the interstices of parts possessed of life. Upon the present 
occasion, I have taken an opposite course, and have examined 
the coagula formed in aneurismal tumors. It is to be under- 
stood, that in this disease of the arteries, the coats at the 
part diseased, yield to the impulse of the heart, and admit of 
being permanently dilated, so as to form a pouch, in which 
the blood that remains at rest, coagulates. This dilatation is 
gradual ; and as the pouch enlarges, the coagulum is found 
to be made up of a succession of layers, affording an opportu- 
nity of observing the changes coagulated blood undergoes 
under such circumstances at different periods of time. 

In the examination of the section of an aneurismal tumor 
in the microscope, Mr. Bauer found that the layer of the 
coagulum, in contact with the blood in circulation, was red 
in its colour, loose in its texture, and principally consisted of 
red globules from which the colour had been discharged, and 
remained diffused through the mass. Besides these glo- 
bules, he aaw others of a smaller size, which he had never 
met with in fluid blood, however frequently he had examined 
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ft j there was also a small quantity of a transparent elastic 
mucus insoluble in water. The newly discovered globules 
were jfes P 8 ** °f 811 hich in diameter, and their number in 
proportion of one to four of the large ones. The other layers, 
in proportion to the length of time coagulation had taken 
piace, were become paler in colour, denser in texture, and 
what is most particularly deserving of notice in the present 
investigation, the proportion of the number of the small glo- 
bules to the large ones gradually increased, and in the layer 
longest coagulated, they were in the proportion of four to 
one. In this layer there was also the largest proportion of the 
transparent elastic mucus. 

The coat of the artery forming the pouch, appeared to be 
made up of zig-zag, or serpentine fibres, connected by tbe 
elastic mucus, in which many of the. small globules were 
detected. 

The condensed cellular membrane on the outside of the 
pouch, consisted pf thin membranes or films, easily separated, 
and between them were found many small globules. 

In the section of a large aneurismal tumor a deposit of 
crystals was met with. This uncommon appearance is repre- 
sented in the annexed drawings. These salts, in the absence 
of Professor Brande, were analyzed by Mr. Faraday, Assis- 
tant in the Laboratory of the Royal Institution : they are sul- 
phate of lime with muriate and phosphate of soda; salts 
usually met with in the blood, but probably never before 
seen in the form of crystals. 

The discovery of small globules in aneurismal coagula, 
and the increase of their number in proportion to the dur a- 
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tion of the coagulum, throws great light upon the materials 
of which the blood is composed. 

Till this discovery was made, we knew of no globules in 
the blood but the red globules, either enclosed in their colour- 
ing matter, or deprived of it : indeed these smaller ones being 
held in solution in the serum, are only brought to view by 
the act of coagulation, and under the same circumstances we 
find the salts crystallize. 

To ascertain whether these small globules constitute the 
substance thrown out in inflammation, Mr. Bauer examined 
a small portion of a mass of coagulable lymph taken from 
the vagina of an ass, where it had been deposited by a violent 
attack of inflammation ; and another portion from the internal 
surface of an inflamed vein.* He found both substances made 
up of the small globules just discovered, mixed with a few 
red globules, deprived of their colouring matter. The glo- 
bules which in a former Lecture were stated to have been 
produced in the serum, are now found to be similar to these, 
and had been held in solution in the serum when put into the 
tube. 

The globules found by Basilius in the serum, after filtra- 
tion through paper, must have been of the same kind. 

In the prosecution of this enquiry, I procured the coagulum 
of some highly inflamed blood, as it is termed. The bufF 
was very thick and firm, the lower portion loose in its tex- 
ture. Mr. Bauer found the buff to consist almost wholly of 
the small globules, which I shall now call those of lymph, 

* Both of these preparations are described in Hunter’s Work upon the 
Inflammation, and Gun*shot Wounds, 
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and the lower portion principally of red globules ; so that the 
huffy appearance occurs when the lymph is so unusually slow 
in coagulating, that the red globules, which are so much 
larger and heavier, sink before that process has taken place. 

In the absence of Professor Brande, Mr. Faraday analyzed 
a portion of the buff, and of the part made up of red globules: 
having previously washed away the colouring matter, their 
chemical properties were in all respects the same. 

That I might compare the structure of tumors, with that of 
the layers in aneurismal coagula, I got Mr. Bauer to examine 
in the microscope the structure of a tumor in the prostate 
gland, made up of rounded nodules ; the last formed of 
these was produced by the bursting of a small artery in the 
substance of the gland, so short a time before death, that 
the rupture of the vessel was distinctly seen when the parts 
were examined. He found the texture of the tumor soft and 
spongy ; it was made up almost wholly of red globules free 
from colour, very few of tho$e of lymph, and some of the 
transparent elastic jelly ; the bands by which the nodules were 
separated, were composed of three-fourths of lymph, one- 
fourth of red globules from which the colour had been dis- 
charged, and a considerable proportion of the transparent 

.Mfy- 

A tumor in the breast of long standing, of which the first 
formed part was hard and colourless, the last less compact 
and full of vessels or tubes, is shown in the annexed draw- 
ings. When its structure was examined in the microscope, the 
hard part was made up almost wholly of lymph globules, and 
elastic jelly; the last made one*fourth of the whole. The 
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soft part consisted only of about one-fourth of lymph globules, 
the rest being red globules which had lost their colour. 

The structure of such tumors is nearly allied to that of 
the layers in an aneurism. That these layers never become 
vascular, arises from the aeriform matter, evolved at the tone 
that the blood coagulates, readily escaping into the circu- 
lating Mood with which it is in contact. 

To ascertain whether the proportion of aeriform matter in 
the blood is liable to vary, as well as to determine its nature, 
a very buffy coagulum was placed in the receiver of an air 
pump, with a syphon passing from the vessel containing it into 
a bottle filled with barytes water. The pump was worked, and 
the gas only came over in single bubbles, which occasioned a 
precipitation of carbonate of barytes. From a less bufly coagu- 
lum the gas came over in several bubbles at a time. When 
' there was no buff', the gas was abundant, and the precipitation 
copious. To ascertain whether this gas is produced in the 
prooess of digestion, a pauper from one of our work-houses, 
an hour after eating a hearty dinner and drinking a pint of 
pewter, was bled at the arm to six ounces. The coagulum 
was tested in the same manner as the others in the air pump, 
and at the same distance of time from that at which the Mood 
was drawn, the gas passed through the syphon in a torrent, 
and there was a proportionate precipitation. 

Carbonic acid gas, Professor Brands finds to be commonly 
met with in the urine ; but in greater quantity immediately 
after a full meal. 

The source from whence the carbonic add gas is supplied, 
having been thus determined, an attempt was made to trace 



the lymphatic and red globules to their origin. The pyloric 
portion of the stomach, and the duodenum, are filled with 
a gkry mucus. Mr. Bauer found in this mucus a great num- 
ber of lymph globules and a smaller number of red globules 
without colour, so that such globules appear to be produced 
in the earliest stage of digestion. 

In the human species the produce of the process of diges- 
tion becomes white, and therefore is readily distinguished 
from any other fluids ; in general it is first met with in this 
state in the beginning of the jejunum, but sometimes in the 
whole course of the duodenum ; the readiness with which 
this substance is absorbed, and the velocity with which it is 
carried along the lacteal vessels, make it difficult to procure 
enough for examination till it reaches the glands in the mesen- 
tery, through which it must pass before it arrives at the 
thoracic duct. 

An opportunity occurred of making this examination upon 
the contents of the mesenteric glands, of a man who died in 
a fit an hour after having eaten his dinner. Mr. Bauer having 
extricated some of the glands of the mesentery from the sur- 
rounding fat and cellular membrane, divided them trans- 
versely, when a quantity of milk-white fluid issued out. On 
examination, the white colour was found to depend upon an 
infinity of white globules floating in a clear, perfectly colour- 
less fluid, in the same manner as the red globules do in the se- 
rum. About eight-tenths of these globules varied in size from 
rile smallest speck to the size of the lymph globules, about 
one-tenth were of the size of red globules deprived of the 
colouring matter, and about one-twentieth were of the size of 
the red globules enclosed in their colouring matter. When 
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this fluid was left a few minutes on the glass, not only many 
new globules were formed, but the original small ones visi- 
bly increased on the field of the microscope, not by several 
globules uniting, but by accession of substance; and he 
watched several that enlarged to the full size of blood 
globules enclosed in their colouring matter : in that state they 
appeared more opaque ; and when the glass was laid upon 
black paper, they appeared as distinctly to be milk-white, 
as the globules of the blood when the glass is laid upon 
white paper appeared to be bright red. When the fluid is 
diluted with water, no additional globules are produced, and 
the large ones are reduced in size, in the same manner as 
the red globules are, when their colouring matter is dissolved, 
and is leaving them. When there is a sufficient quantity of 
the fluid left to evaporate, ramifications are formed in every 
respect as distinct as those shown in a former Lecture, in the 
magnified drawing of a drop of human blood in the state of 
coagulation. 

From the observations Mr. Bauer has had the opportunity 
of making upon the contents of the lacteal glands, he is satisfied 
that the full sized globules acquire that form in these glands, 
and that afterwards, so far as respects their external appear- 
ance, no change is necessary for their conversion into red 
globules, but their becoming red. 

As the exposnfe of the blood to the air in its passage 
through the lungs, restores the brilliancy of colour that is 
lost in the circulation through the body, we can have no 
doubt that it is in the vessels of the lungs the blood receives 
its original hue. 
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EXPLANATION OF THE PLATES. 

T> 

PLATE I. 

Contains three figures ; the first exhibits a transverse section 
of an aneurismal coagulum of the natural size ; the other two 
represent the salts of the blood in a crystallized state, mag- 
nified five diameters. 

Fig. l. This section represents that part of the coagulum 
which lay in the bottom of the sac. It shows the different 
shades of colour of the layers according to their length of 
standing, and the crystallized salts in different parts of the 
coagulum. 

Figs, s and 3. Different views of these crystals. 

PLATE II. 

Represents sections of a tumor taken from a patient in St. 
George's Hospital : there are seven figures.* 

Fig. 1. The surface of the section of the natural size; one 
part is colourless ; another appears to be very vascular. 

* The following is an account of the case. The tumor was perceived when 
of the size of a pea : in six months it increased to that of an orange : in fourteen 
days more it doubled that size. Arsenic, 48 grs. to Ji. of water, was applied once 
in twenty-four hours for two days. The pain was too great to allow it to be renewed 
In ten days the application was taken off, and the tuniferwas black and shrunk, 
but not dead to any depth. Equal parts of white arsenic and sulphur were applied 
once in twenty-four hours for two days : the pain was excessive. In fourteen days, 
one half of the tumor came away. The remaining surface resembled a coagulum 
of blood, soft and dark coloured. This came away next day, eight months and a 
half from the first appearance of the tumor. This last is the tumor of which a 
section is represented. The drawing was made twenty-four hours after it was 
removed, in which time it had undergone 110 change. 

M 0 CCCXX* C 
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Figs, s and 3. Portions of the vascular part, magnified five 
diameters. , 

Pig. 4. A small portion of %e colourless part, magnified 
boo diameters, to show the lymph globules, of which it is 
made up. 

Fig. 5. A similar portion of the vascular part, magnified in 
the same degree. 

Fig. 6 . A row of lymph globules, magnified 400 diameters. 

Fig. 7. A row of blood globules deprived of their red 
colour ; magnified 400 diameters. 












II. The Bakerian Lecture. On the composition and analysis of the 
inflammable gaseous compounds resulting from the destructive 
distillation of coal and oil , with some remarks on their relative 
heating and illuminating powers. By Wiluam Thomas 
Brands, Esq. Sec. R. S. Prof. Chem. R. I. 

Read November 18, 1819. 

The experiments detailed in the following pages, were 
originally undertaken with a view of ascertaining the relative 
fitness of the gases obtained by the decomposition of coal 
and oil for the purposes of illumination, and of elucidating 
some apparent anomalies in their economical applications. 
Merely as such, however, I should not have deemed them of 
sufficient novelty or importance to form the subject of the 
Bakerian Lecture ; but during the progress of the inquiry, 
some new views relative to the constitution of these gaseous 
mixtures, suggested themselves, and some properties of ter- 
restrial radiant matter became apparent, which I trust will 
be thought worthy the attention of this Society. 

SECTION I. 

On the inflammable gases afforded by the destructive distillation 
of pit coal and of oil. 

The gases used in the following experiments, except where 
it is otherwise expressly stated, were those employed for the 
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common purposes of illumination ; the coal gas being that 
supplied from the Company’s works in Westminster, and the 
oil gas furnished by the decomposition of common whale oil, 
in an apparatus erected for that purpose by Messrs, Taylors 
and Martineau, at Apothecaries' Hall.* These gases have 
been submitted to analysis by different chemists of eminence ; 
and we are more especially indebted to Dr. Henry for a 
series of valuable researches respecting their production and 
composition.')* It is therefore with considerable diffidence that 
I venture to propose views relating to them in many respects 
different from those of my predecessors in this important 
branch of chemical inquiry. 

It is generally admitted, that there are two definite com- 
pounds of carbon and hydrogen ; the one, usually termed 
olefiant gas, consisting of one proportional of carbon and one 
of hydrogen ; and the other called light hydrocarburet, com- 
posed of one proportional of carbon and two of hydrogen : 
the former of these gases appears to have been discovered in 
1796, by the associated Dutch chemists, Messrs. Bondt, 
Dieman, van Troostwick, and Lawerenbourg,J and the 
other first examined by Mr. Dalton. § Assuming hydrogen 
as 1, the specific gravity of olefiant gas is 13,4 ; and it con- 
tains 1 proportional of carbon = 5,7 + 1 proportional of 
hydrogen = 1. Light hydrocarburet has generally been 

* A description and plate of this apparatus is given in the Quarterly Journal 
of Sciences, &c. Vol VIII* pi no. 

t Nicholson's Journal, Vol. XI. p. 65. Philos, Trans. 1808. Manchester 
Memoirs, Vol. III. New Series. 

X Journal de Physique, XIV. § New System of Chemical Philosophy. 
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considered as consisting of 1 proportional of carbon = 3,7 + 
s proportionals of hydrogen =s s, and its specific gravity has 
been stated as 7,7 compared with hydrogen ; or as 57365, 
assuming atmospheric air as 1 . 

My first object in the examination of coal gas was to as- 
certain its specific gravity ; and 1 was surprised to find the 
first that I examined so low as ,4430. There was some varia- 
tion in different specimens ; and the specific gravity of that 
prepared in the laboratory of the Royal Institution, and puri- 
fied in the usual way by condensation in cold vessels, and 
passing through lime water, was as high as ,4940, which is 
the heaviest that I have yet met with. 

Having been led to consider coal gas as consisting essenti- 
ally of the two varieties of carburetted hydrogen, I imagined 
that the specific gravity of the light hydrocarburet must have 
been estimated too high ; I therefore prepared light hydro- 
carburet from acetate of potash, and having separated its 
carbonic acid by lime, found its specific gravity ,687 ; the 
specific gravity of the gas from stagnant water, according to 
Mr. Dalton,* is ,600, and that from moistened charcoal 
when purified is ,480.^ It became evident, therefore, that 
coal gas could not consist principally of the two hydrocar- 
burets ; nor could the presence of carbonic oxide be suspected, 
its specific gravity being ,9834. Hence it occurred to me, that 
the only mode of explaining these apparent anomalies, was 
to consider coal gas as a mixture of olefiant and hydrogen 
gases ; and the following experiments were undertaken with 
a view to determine this point. 

* New System of Chemical Philosophy, f Henry’s Elements, p. 320* 
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1, One hundred volumes of coal gas were detonated by the 
electric spark over mercury, with aoo of oxygen; the car* 
bonk acid was absorbed by liquid potassa, and 36 volumes 
of pure oxygen remained in the tube. Whence it appears 
that 100 volumes of the coal gas under examination required 
for its perfect combustion 164 parts of oxygen ; consequently, 
as 100 parts of olefiant gas require 300 of oxygen, and 100 of 
hydrogen 50, for their respective combustion, it might be 
concluded from the above experiments, supposing no foreign 
gases present, that the 100 of coal gas consisted of about 55 
parts of hydrogen and 48 of olefiant gas ; a mixture, of which 
100 cubical inches would weigh nearly 15 grains, and which 
closely corresponds with the specific gravity of the coal gas. 

». One hundred measures of coal gas were introduced into a 
small bent glass tube containing a little sulphur, and inverted in 
mercury ; a red heat was applied until the inclosed gas under* 
went no further dilatation ; and on examining its volume when 
cold, it was found to occupy 14,0 measures. If we consider the 
increase of bulk as resulting from the decomposition of ole- 
fiant gas, this experiment gives the composition of coal gas 
60 hydrogen and 40 olefiant by volume. 

3. One hundred measures of coal gas were introduced into 
a mercurial gasometer, connected with a second gasometer 
by means of a platinum tube, in the manner described by 
Messrs. Allen and Pepys, in their Essay on the' Combustion 
of Carbon.* Some small quartz crystals previously heated 
red hot were introduced into the platinum tube, which was 
heated bright red ; the gas was then passed through it from 

• Phil. Tram. 1867. 
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one gasometer to the other for about a quarter of an hour. 
The apparatus having cooled, the gas was found to have sus- 
tained an increase of volume = 4,0 parts ; it burned with the 
pale flame of hydrogen; and when detonated over mercury 
required scarcely more than half its volume of oxygen, and 
afforded a very minute portion of carbonic acid. The interior 
of the platinum tube was lined with charcoal, the crystals 
were covered with it, and some had assumed a beautiful 
brown tint. 

4. The conclusions drawn from the last experiment are 
founded upon the supposition, that oleiiant gas is decomposed 
by the simple operation of a high temperature, and that one 
volume is resolved into two volumes of hydrogen, losing at 
the same time its carbon. The importance of this fact, as con- 
nected with these researches, induced me to repeat with every 
requisite precaution, the beautiful experiment of M. Ber- 
thollet, which consists in decomposing this gas by passing 
it repeatedly through a red hot earthen tube; instead of 
which, however, I employed a tube of platinum, arranged as 
in the last experiment, increasing the heated surface by the 
introduction of quartz crystals. One hundred measures of 
olefiant gas,* obtained by distilling alcohol with sulphuric 
acid, were passed and repassed through the tube heated to 
high redness, until they ceased to dilate : when the apparatus 
was cool, the volume of gas was almost exactly doubled ; 
there was a copious deposition of charcoal in the part of the 
tube that had been ignited, and the evolved hydrogen was so 

* This gas was washed with solution of potassa to separate a little carbonic acid, 
and was then ascertained to be pure by the action of chlorine* with the precautions 
afterwards described. 
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free from carbon, that when detonated with its volume of 
oxygen, half a volume of the latter remained, which scarcely 
rendered lime water turbid, and underwent no perceptible 
diminution by exposure to liquid potassa. 

It may be supposed, that inconsequence of the dilution of 
the last portions of olefiant by the hydrogen evolved, the per- 
fect decomposition of the gas is a matter of difficulty, and a 
trace of carbon will, I believe, always remain in the hydrogen 
evolved, since the decomposition is progressive. I cannot, 
however, on this account see reason to believe, with M. Ber- 
thoixet,* that carbon and hydrogen 'are capable of forming 
several definite compounds ; the data are, on the contrary, 
such as to warrant an opposite conclusion. 

In making this experiment in the manner just described, 
and more especially when the tube is only dull red, the first 
portions of gas that reach the receiving gasometer, are ob- 
scured by a considerable quantity of vapour, which, however, 
afterwards disappeared. To examine more particularly the 
cause of this phenomenon, I passed some pure olefiant gas, 
very slowly, through a red hot glass tube, about two feet in 
length, and containing in the heated part some pure and well 
burned charcoal : the gas was collected in a cold receiver, 
the sides of which became lined with a brown viscid sub- 
stance of an agreeably fragrant odour, perfectly soluble in 
alcohol, and precipitated from this solution by water, which 
rendered it turbid, and of a whitish green hue. This peculiar 
resinous matter appears to be a compound of hydrogen and 
carbon ; its vapour is perfectly decomposed by passing it 

• Thenard, Traite de Chimic, Toro. I. p. *93. 
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through a highly heated platinum tube, hydrogen being 
evolved and carbon deposited. 

5. Mr. Faraday, whose accuracy as an operator is not 
inferior to his- assiduity as my Assistant in the Laboratory of 
the Royal Institution, has shown in a paper published in the 
Quarterly Journal of Science, that the supposed distinction 
between olefiant and light hydrocarburet, by means of the 
action of chlorine, has no foundation ; and that at common 
temperature, all varieties of carburetted hydrogen are con- 
densed by, and combine with, chlorine. 

To ascertain how far the action of chlorine could be de- 
pended upon as a means of analyzing mixtures of olefiant and 
hydrogen gases, I mixed equal volumes of chlorine and hy- 
drogen, over water at the temperature of 55% in a tube of 
half an inch diameter, and exposed to ordinary daylight, but 
carefully excluded from direct sunshine. After twenty-four 
hours, the whole of the chlorine had been absorbed by the 
water, and the original volume of hydrogen remained un- 
altered. 

One volume of hydrogen mixed with one of olefiant gas 
and two of chlorine, was reduced under the same circum- 
stances to very little more than one volume, the whole of the 
olefiant having been absorbed. 

In these cases it is convenient to use considerable excess of 
chlorine, and in this way the purity of olefiant gas may be 
ascertained ; it will be found, even when obtained with every 
caution, to afford a small residue of hydrogen ; but as this is 
sometimes as little as one per cent, it may, generally speak- 
ing, be disregarded. 

6 . The analysis of a mixture of hydrogen with carburetted 
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hydrogen, carbonic oxide, and carbonic acid, presents pecu- 
liar difficulties in the ordinary mode of proceeding ; and as 
it often requires to be performed in investigations relating to 
the gases used for illumination, it became an object to facili- 
tate the process, for which I have used the following plan. 

A hundred measures of the gas are introduced into a gra- 
duated tube, and the carbonic acid.absorbed by a solution of 
potassa ; the remaining gas is then transferred to thrice its 
volume of chlorine of known purity, standing over water in a 
tube of about half an inch diameter, and exposed to daylight, 
but carefully excluded from the direct solar rays; after 
twenty-four hours the carburetted hydrogen and the excess 
of chlorine will have been absorbed, and the remaining gas, 
consisting of carbonic oxide and hydrogen, may be analysed 
by detonation with oxygen in excess ; the measure of car- 
bonic acid formed being the equivalent of that of the original 
carbonic oxide. 

This proceeding depends upon the non-formation of chlo- 
ro-carbonic acid in a mixture of carbonic oxide and chlorine 
in the contact of water, and out of the direct agency of the 
solar rays. Such mixture I have kept several days, occasion- 
ally renewing the chlorine as it became absorbed by the 
water, and have not observed any diminution in the bulk of 
the carbonic oxide. In all these cases it is necessary to as- 
certain the purity of the chlorine by its absorption by water, 
and to be aware of the evolution of common air from water 
during that process. 

7. I repeated many of the above experiments, substituting 
for coal gas a mixture of six volumes of hydrogen with five 
of olefiant gas. The specific gravity of this mixture was. 
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,4700; one hundred cubical inches weighing 14,3 grains. 
The flame with which this mixture burned was of the same 
colour and intensity as that of common coal gas ; its dilata- 
tion by heat was similar, and it underwent an analogous in- 
crease of bulk when heated with sulphur. 

The readiness with which carburetted hydrogen is decom- 
posed, when passed through red hot tubes, appears to me to 
offer a solid objection to a mode of purifying coal gas, which 
has been proposed by Mr. G. H. Palmer,* since it would 
deposit carbon, and consequently sustain great loss in illumi- 
nating power. The object in view was probably to get rid 
of the sulphuretted hydrogen ; but neither is this so to be 
attained. In examining coal gas, I have often been struck 
with the formation of sulphurous acid during its combustion ; 
though when passed through solution of acetate of lead, it 
occasioned no blackening, a circumstance which led me to 
suspect the presence of some other sulphureous compound ; 
and I have often thought, in passing the open gas pipes in 
the streets, that I perceived the smell of sulphuret of carbon. 
When sulphurous acid or sulphuretted hydrogen are passed 
with carburetted hydrogen through a red hot tube, a por- 
tion of carburet of sulphur is always formed, and the vapour 
of that highly volatile compound may well exist in the gas 
employed for illumination, which is always hurried through 
the condensers and gasometer. 

8. Most of the above experiments were now repeated 
upon tiie gas obtained by the decomposition of whale oil ; 
its specific gravity was ,7690 ; so that 100 cubical inches 
weighed rather more than 33 grains. Deducing the cotnpo- 

. * P*c**ton, •on the Theoty and Practice of Gas-Fighting, p. 



so Mr. Brande on the composition and analysis 

sition of this gas, considered as a mixture of hydrogen and 
olefiant, from its specific gravity, we should conclude that it 
is composed of 1 volume of hydrogen and 3 of olefiant, upon 
the presumption that 100 cubical inches of hydrogen weigh 
2,25 grains, and 100 of olefiant 30,15. 

Such a mixture, when submitted to the action of heat, of 
sulphur, and of chlorine, and when detonated with oxygen, 
afforded results similar to those obtained by experiments upon 
the original oil gas, and it burned with the same degree of 
brilliancy: 

9. I have also submitted to similar experiments the in- 
flammable gases obtained by the decomposition of acetate of 
potash, of alcohol, and ether, and by passing water over red 
hot charcoal. All these contain a considerable portion of 
carbonic acid, which, when abstracted by potassa, leaves a 
mixture of carburetted hydrogen, hydrogen, and carbonic 
oxide, in proportions liable to much variation, according 
to the materials employed, and to the circumstances under 
which their decomposition has been effected. The specific 
gravity of these products is of course liable to corresponding 
variations. 

10. The inference which, I think, maybe drawn from the 
preceding experiments and observations, is, that there exists 
no definite .compound of carbon and hydrogen, except that 
usually called olefiant gas ; that the various inflammable 
compounds employed for the purpose of illumination, and 
produced by the destructive distillation of coal, oil, &c. con- 
sist essentially of a mixture of olefiant gas and hydrogen ; 
that the gas procured from acetate of potash and from moist 
charcoal contains the same elements, with carbonic oxide and 
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carbonic acid ; and that no other definite compound of carbon 
and hydrogen can be recognised in them, except olefiant 
gas. 

SECTION II. 

Comparative experiments on the illuminating and heating powers 
of olefiant, coal, and oil gases, and on some general properties 
of radiant matter. 

1. In the following experiments I employed a gasometer 
with counterpoise weights acting over regulating pullies, and 
capable of containing about 5000 cubical inches, or about 
1,89 cubical feet : the different jets were attached to it in 
the usual way, and the pressure was measured by the differ- 
ence in the level of the water within and without the bell, to 
which was attached an accurately graduated scale sliding 
through the frame of support. 

2. Having filled this gasometer with pure olefiant gas, it 
was allowed to issue from a brass jet having a single perfo- 
ration of -fa of an inch diameter, under a pressure of a half 
inch column of water ^ it was then inflamed, and regulated 
by means of a stopcock, so as to produce a light equal to 
that of a wax candle burning with full brilliancy ; the relative 
intensity of the light of these flames was ascertained by a 
comparison of shadows. Under these circumstances, the 
consumption of gas was found = 640 cubical inches per 
hour, or 0,37 cubical feet. When the same burner was used 
with oil gas, it consumed 800 cubical inches per hour, or 
= 0,47 cubical feet. 

3. I now employed an Argand burner, with a cylindrical 
glass, constructed in the usual way, with 12 holes each of the 
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same dimensions as that of the single jet, and forming a circle 
o;7 inch diameter. The pressure being 0,5 inch, the flame 
was so regulated as to burn with its full intensity without 
producing smoke, and its light being measured by a com- 
parison of shadows, it was found equal to ten wax candles. 
The consumption of gas amounted to 2600 cubical inches, 
or about a cubical foot and a half per hour. 

If the result of this experiment be compared with the above, 
in which a single jet was used, it will appear, that the pro- 
portion of light from a given quantity of gas is increased in 
a very high ratio by employing many flames near each other, 
the consumption of the single jet giving a light of one, candle, 
being = 640 cubical inches, whereas the Argand burner gave 
a light of ten candles, with a consumption not of 640 x to cu- 
bical inches, but of 2600 cubical inches. It will be remembered, 
that in the latter, the combustion is perfected by a central 
current of air, rendered more rapid by the glass tube which 
surrounds the flame. Count Rumford showed some time 
ago, “ that the quantity of light emitted by a given portion 
of inflammable matter in combustion, is proportional in some 
high ratio to the elevation of temperature, and that a lamp 
having many wicks very near each other, so as to communi- 
cate heat, burns with infinitely more brilliancy than the 
Argand's lamps in common use."* The construction of the 
gas Argand burner is particularly calculated to produce an 
effect of this kind ; and to such a cause the great increase of 
light relative to the consumption of gas may probably be 
attributed.’!' 

• Darr’i Elements of Chemical Philosophy, p. 124. 

f In the annexed drawing (Plate III.) is represented an Argand burner for oil 
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4. The gasometer being filled with oil gas, an Argand 
burner, giving the light of eight wax candles, was found to 
consume 3900 cubical inches per hour ; and the same inten- 
sity of light was produced by the same quantity of artificial 
oil gas ; that is, of a mixture of three parts of olefiant and 
one of hydrogen. 

5. The apertures of burners for coal gas require to be 
considerably larger than those for olefiant or oil gas. In the 
burner employed in the following experiments, each hole was 

inch diameter, and the circle upon the circumference of 
which they were placed, was 0,9 inch diameter. The light. of 
the flame was found equal to five wax candles only, and the 
consumption of gas per hour amounted to 6560 cubical inches. 

With a mixture of six parts by measure of hydrogen with 
five of olefiant gas, the light of the flame was somewhat more 
intense ; and the quantity of gas consumed by the same 
burner, so adjusted as not to smoke, was 6000 cubical 
inches. 

6. It appears from the above data, that to produce the 
. light of ten wax candles for one hour, there will be required, 

2600 cubical inches of olefiant gas. 

4875 - - - oil gas. 

13120 - - coal gas; 

gas, upon what I believe to be the most economical construction. The bevillijig of 
the perforated edge contributes greatly to the perfection of the light, as shown in 
the section. Fig, i. The diameter of the circle of holes is 0,7 inch, and the holes 
should not be more than -fc of an inch in diameter. Consuming at the highest 
average 4000 cubical inches per hour, it gives the light of between eight and nine 
wax candles of four to the pound. 

Fig. 3. is a sketch of what is technically termed a rose burner ; it has six holes of 
the same dimensions as those of the Argand, and when to regulated as to produce a 
light equal to that of six wax candles, its greatest average consumption of gas 
amounts to 4800 cubical inches per hour. 
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and that the quantity of oxygen consumed 1 

by the olefiant gas will be = 7800 cubical inches, 
by the oil gas - =11578. 

by the coal gas - = £1516. 

Olefiant gas cannot of course be employed for any economical 
purposes, and is only here adverted to for the sake of com* 
parison. The relation of the quantity of oil gas to that of 
coal gas, furnishes a datum that may be practically useful, 
especially as indicating the relative sizes of gasometers re- 
quired fer the supply of establishments. It may, I think, be 
stated with sufficient accuracy for practical purposes, that a 
gasometer containing 1000 cubical feet of oil gas, is adequate 
to furnish the same quantity of light as one of 3000 cubical 
feet of coal gas, provided due attention be paid to the con- 
struction of the burners, and to the distribution of the lights. 

7. For the ordinary purposes of illumination by oil gas, I * 
consider ten hole Argand burners, each consuming about a 
cubical foot and a half per hour, and giving the light of seven 
wax candles, or nearly two oil Argands, as the most economical 
and generally useful. Single jet burners, or those in which 
the flames do not coalesce, consume, as has been above shown, 
a very much larger quantity of gas for the production of an 
equal quantity of light; and for the same reason, Argand 
burners, in which the flames do not coalesce, consume more 
gas for an equal production of light, than those in which the 
apertures are more numerous, but sufficiently near each other 
to allow of the union of the separate flames. 

8. To ascertain the relative heating powers of the flames 
of olefiant, oil, and coal gases, I employed the twelve hole 
Argand burners mentioned above, and placed over each, as 
near to the lamp glass as was consistent with a clear flame, a 
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clean copper boiler, »,g inches deep and 5 inches diameter, 
slightly concave at bottom, capable of holding rather more 
than a quart of water, with an immersed thermometer, and a 
small vent for steam. It contained two pounds of distilled 
water, which was raised to the boiling point in similar times, 
namely, 20' by each of the flames ; so that it would appear, 
that to raise a quart of water from 50® to 212, 0 at 30 inches 
barometrical pressure, requires 

870 cubical inches of olefiant gas, 

1300 - - oil gas, 

3190 - - coal gas. 

From this experiment it may be inferred, that the air of a 
room equally lighted by oil and coal gas, will be much less 
heated by the former than the latter ; but that the actual 
heating power of the flames is in the direct ratio of the quan- 
tity of olefiant gas. 

9. Having occasion in some of the foregoing experiments 
to produce light of great brilliancy by the combustion of ole- 
fiant gas, and finding it very difficult to measure its intensity 
by a comparison of shadows, in the manner pointed out by 
Count Rumford, I endeavoured to avail myself of Mr. 
Leslie’s photometer; for this purpose I concentrated the 
light by a plano-cunvex lens, and placed the blackened ball 
of the instrument in the focus. I found the effect, however, 
so great, as to lead me to believe that I had obtained a focus 
of considerable heating power, and on substituting a delicate 
mercurial thermometer, it rose 4°,5 in 5'. In the focus thus 
obtained from the light of a large Argand burner supplied 
with olefiant gas, the elevation of temperature was very sen- 
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sibleto the hand, and in depressing and elevating the flame 
by means of a regulating stopcock, corresponding effects were 
produced upon the thermometer : the lens itself, which was a 
thick one, did not become heated. 

These experiments coincide in result with those of Dr. 
Maycock, and of M. Delaroche,* and show that the calo- 
rific rays emanating from common combustibles, are capable 
of passing through transparent media like those of the sun. 

10. There are certain substances, the chemical relations of 
which are singularly affected by the influence of direct solar 
rays. Among these, the mixture of chlorine and hydrogen 
is most remarkable : if kept in common daylight, but out of 
direct sunshine, the gases do not act upon each other ; but 
the moment the mixture is placed in the sunshine, the muriatic 
acid begins to be formed. I therefore hoped that this property 
might be applicable in certain photometrical experiments. I 
exposed a mixture of equal volumes of chlorine and hydrogen, 
in a tube inverted over water, capable of holding about four 
cubical inches, and blown into a thin bulb at its upper ex- 
tremity, to the brilliant focus produced by a large olefiant 
gas flame; it was exposed for 15', but underwent no other 
change than a slight increase of bulk, acting as an air ther- 
mometer. 

11. It now occurred to me to try how far any effect would 
be produced by the more intense light of the Voltaic battery, 
and I placed the tube containing the mixed gases in a darkened 
room, within about an inch of the charcoal points connected 
with an apparatus of one hundred pairs of plates highly 

* Murray’s System of Chemistry, Vol. I. p. 336, 4th* Edition* 
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charged : upon making the contact, the effect of the light 
upon the mixed gases was very remarkable; fumes of mu- 
riatic vapour were instantly produced, the water rose in the 
tube in consequence of the production of muriatic acid, and in 
about five minutes the absorption was entire ; but the most 
curious circumstance was, that in two instances an explosion 
of the gases took place the moment they felt the impulse of 
the electric light. 

is. As I have in no case been able to produce an analogous 
effect by any other terrestrial light, however intense, I cannot 
but consider the phenomenon as dependent upon some pecu- 
liar property belonging to the rays of solar and electric 
light. 

The lunar rays produce no effect upon mixed chlorine and 
hydrogen, nor upon chloride of silver; neither was the 
whiteness of the latter in the slightest degree impaired by the 
most powerful luminous focus that I could obtain from an 
olefiant gas flame. 

13. In some experiments connected with the subjects of 
this communication, I have availed myself of a photometric 
thermometer, acting upon the principle of that described by 
Mr. Leslie, but infinitely more sensible ; it is constructed 
nearly in the same way as the differential thermometer, but 
instead of containing air, the balls are filled with the vapour 
of ether, and the stem contains a column of that liquid ; it 
thus forms a very delicate differential thermometer. To con- 
vert it into a photometer, the upper bulb is covered with a 
thin coating of Indian ink, and the lower one with silver or 
gold leaf ; the whole instrument is then placed in a pellucid 
glass tube : when taken out of its case the influence of light 
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is perceived at the instant of exposure, by the falling of the 
liquid from the blackened to the metallic side ; it is power- 
fully influenced by the flfpe «f^%candle at the distance of 
one foot, and proportions^ 1 tagjMer luminous bodies. 

' IP m&im 
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III. On the Elasticity of the Lungs. By James Carson, M. D. 

Communicated by Thomas Young, M. D. For. Sec. R. S. 

Read Nov. *5, 1819. 

In a Treatise which I published a few years ago on the 
motion of the Blood and the mechanism of Respiration, it 
was contended, that a cause essential to the performance of 
these functions, had escaped the notice of physiologists. This 
cause was stated to be the elasticity or resilience of the lungs. 
The resilient property of the substance of the lungs had in- 
deed been admitted by all anatomists and physiologists; and 
it is commonly demonstrated in the lecture room, that, if a 
piece of the substance of the lungs be cut out and stretched, 
it will recover its former dimensions when released from the 
extending power. But though the existence of this property 
had been universally admitted, no physiologist had attempted, 
so far as I know, to explain the means by which nature had 
contrived to render it subservient to the purposes of life. The 
statement and explicatiort of this contrivance, with reference 
at least to certain purposes, constitute in a great measure the 
subject of the treatise to which I have alluded. Although 
it was proved in that Treatise, that, for the performance 
of those movements in which life is acknowledged chiefly 
to consist, a power of considerable extent is derived from 
the elasticity of the lungs, it was at the same time con- 
fessed, that no data had been discovered, from which the full 
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extent of that power, as it is applied in the living system, 
could be calculated. 

It was conceived that it would be a matter of no small im- 
portance to ascertain the extent of a power which, as I believe, 
discharges a part of the first importance in the scheme of 
life. With that view, a number of experiments have been 
performed, which I hope will be found to determine, in a con- 
siderable number of animals, the extent of the elasticity pos- 
sessed by the lungs in their state of expansion in the living 
and sound body ; or the extent of a power by which the heart 
and diaphragm, and perhaps various other organs, are as 
necessarily and as effectively influenced as the piston of the 
steam engine is by the expansive powers of steam. 

To enable those Gentlemen who may not be familiar with 
the anatomy of the parts concerned, to perceive the tendency 
and import of these experiments, and to understand the argu- 
ments that may be advanced, it may be necessary to premise 
the narration with a short and general description of the 
structure, position, and connections of the lungs. It is hoped 
that no person, who has at all applied his attention to mecha- 
nical philosophy, will find any difficulty in comprehending 
this description of a simple but beautiful machinery. 

The appearance of the lungs, or, in common language, the 
lights of oxen and of other animals slaughtered for the use 
of man, is familiar to every one. They are that irregular 
pale red spongy mass, which is daily seen suspended in the 
shambles by the windpipe. The windpipe, or in the language 
of anatomists, the trachea, which is a necessary appendage to 
the lungs, extends from the throat to the top of the chest. 
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It is composed of a succession of cartilaginous rings, which 
nearly form complete circles. Each ring is connected to the 
next to it in succession by a strong elastic membrane. A 
small segment is cut off from each of those rings behind, 
where the place of cartilage is supplied by the same strong 
elastic membrane by which the rings are connected. By 
this contrivance the rings may be expanded, and the diameter 
of the windpipe is rendered susceptible of variation as well as 
its axis. 

As soon as the windpipe has fairly entered into the con- 
fines of the chest, it divides into two branches, one of which 
proceeds to the right and the other to the left side. These 
branches possess the same structure with the windpipe itself, 
and each as it proceeds is divided into smaller branches, which 
again and again ramify into others still smaller. The branches 
for some time are formed like the trunk from which they 
proceed, but at length they drop the cartilaginous structure, 
and become simply membranous tubes. These tubes ulti- 
mately terminate in cells, between which there is a free 
passage for the air. The interstices between these tubes and 
cells are filled up by glands, the common cellular substance, 
and by blood vessels and nerves. The whole of this mass is 
enveloped in a fine membranous covering, termed the pleura 
pulmonalis, which however is impervious to the air. To 
each of the two original divisions of the windpipe a distinct 
lung is appended, called the right and left, between which 
there afterwards exists no communication. 

The lungs occupy that part of the animal frame denomi- 
nated the chest. This, in man, is the upper part" of the trunk 
of the body. The shell of the chest is composed of bone. 
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cartilage, muscular substance, and membrane. Behind, on 
each side, and in front, it is osseous. It is fenced by the spine 
behind, by the breast bone in front, and on each side by a tier 
of ribs, which are connected at one end to the spine by articu- 
lations, and at the other end to the breast bone by elastic 
cartilages The intercostal muscles secure the spaces between 
the ribs. The ribs on one side with the corresponding ribs on 
the other, and with the intervening parts of the spine and 
breast bone, form the circumferences of so many circles. 
The circle formed by the junction of one rib with its corres- 
ponding rib on the other side, is largest at the bottom, till at 
the top it is reduced to so small a diameter, as to serve for 
little more than a passage for the windpipe and gullet. Strong 
muscles and tendons traversing each other from the upper 
rib on one side to that on the other, and to the vertebrae of 
the neck and to the clavicles, and connected by a union of 
membranes with the exterior surface of the tubes, to which 
they afford a passage, form the secure boundary of the chest 
at the top. The form of the chest is evidently conical. The 
floor or base of this cone is formed by a thin circular plate, 
partly fleshy and partly membranous, but every where flexi- 
ble and yielding, with its rim all around firmly concreted 
with the shell of the chest. It is called the diaphragm or 
midriff. It cuts the trunk of the body transversely, and 
separates the cavity of the chest just described from that of 
the belly. One condition of this flooring is worthy of parti- 
cular notice. Its area is more extensive than that of the 
largest transverse section of the chest. In consequence of 
this, it admits of motion to a considerable extent ; and, for 
reasons which will be afterwards explained, assumes in the 
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living and sound state of the parts, the form of a cone, of 
which the apex looks towards the chest. 

The form of the diaphragm, or base of the chest, may be 
illustrated by the comparison of a wine bottle ; the bottom of 
which is convex inwardly and concave outwardly ; the dia- 
phragm bearing in form and position the same relation to the 
chest, which the bottom does to the rest of the bottle. 

The cavity above the diaphragm is chiefly filled by the 
lungs, which therefore in the living system occupy a space 
nearly as large as the shell of the chest. 

As soon, however, as the chest has been opened, and the 
external surface of the lungs exposed to the contact of the 
circumambient air, these organs shrink into dimensions far 
less extensive than those which they occupy in the living 
body. 

The causes of the lungs being expanded in life into larger 
dimensions than those which are natural to them, or which 
they occupy when they have been extracted from the body, 
are curious and important, and may be thus explained. 

The walls or boundaries of the chest are well secured; 
They are at several places indeed perforated by tubes, but 
these tubes, at the place of their entrance or exit, are, as has 
been described, always securely concreted by an union of 
membranes with the substance of the chest. The chief of 
these perforations are made by the windpipe, the gullet, and 
some large blood vessels at the top ; and at the bottom, by the 
gullet again in its passage out of the chest, the great de- 
scending aorta, and the inferior cava. Conceive then, the 
lungs to be placed in this cavity in such a manner that the 
windpipe should pass out of it at the top, having its exterior 
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surface well secured to the part of the chest at which it 
passes, but affording, in consequence of its cartilaginous and 
incompressible structure, an open passage into the interior sub- 
stance of the lungs, and conceive that no substance should 
exist between the exterior surface of the lungs, and the in- 
ternal' surface of the chest. The pressure of the atmosphere, 
jt is evident will, in these circumstances, necessarily bring the 
external surface of the lungs into contact with the whole of 
the interior surface of the chest ; but as the walls of the chest 
are strong and incompressible, and as the lungs are pliant 
and dilatable, the lungs are necessarily expanded to the di- 
mensions of the chest, which remain nearly the same. But 
the lungs, though dilatable, are powerfully elastic ; and, when 
distended to the dimensions which they are thus forced to 
occupy, their substance is stretched far beyond its natural 
condition. As soon, however, as the full weight of the atmo- 
sphere shall be allowed to ponderate upon the external surface 
of the lungs, and an equal pressure shall be sustained by 
their exterior surface and the interior surface of the air vessels, 
of which their substance is composed, a condition which will 
arise as soon as the air shall have obtained a free passage 
through the walls of the chest to the external surface of the 
lungs; these organs will then shrink into the dimensions 
which are prescribed to them by the nature of their structure. 
To ascertain, then, the extent of the power required to distend 
the lungs to the dimensions which they occupy in the sound 
system, or, in other Words, the extent of that fbrce by which 
the walls of the chest are pressed, or, in popular language, 
sucked inwards, in consequence of the resilience of the lungs, 
is the object of the following experiments. 
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For the purpose of these experiments, an apparatus of 
glass, of the following simple construction, was used. An 
oblong glass globe, containing nearly two quarts, had tubular 
openings at each end, A, and B. ( Plate IV. ) A glass tube, 
nearly three feet in length, and bent at one end, was joined by 
die blowpipe to the opening at B, and is represented by B, C. 
To the other opening at A, a shorter tube was joined in the 
same manner, and in the form A, D. A free passage was es- 
tablished from P to C, where the tubes were both open. To 
D, a piece of the dried gut of some small animal was bound, 
of a few inches in length. The other end of the gut was fixed 
to a cylindrical tube of bone, metal, or wood, also of a few 
inches in length, and of a diameter corresponding with the 
diameter of the windpipe of the animal which was to be the 
subject of the experiment. The windpipe of an animal, which 
had been recently killed, was divided across near the throat, 
and separated by dissection from the rest of the neck, nearly 
to the top of the chest. 

The first experiment was made on the 87th of August, 
1817, on a cat, which had been hanged the day before. A 
small cylindrical tube of bone attached by gut to the end of 
the glass tube, A, D, was inserted into the windpipe, which 
had been prepared in the way described, and which was tied 
tp the cylinder so tightly, that no air could pass, between the 
external surface of the tube and the internal surface of the 
windpipe. An open and secure passage was thus established 
between the glass apparatus and the windpipe, and of course 
the lungs of the animal. Water was then poured into the 
apparatus at .C, until it stood in the upright tube C B, at the 
height of eleven inches above the level of the water in the 
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glass globe. An opening was then made through the chest 
of the animal on each side, and the air admitted into contact 
with the external surface of both lungs. The water instantly 
sunk about two inches' in the upright tube, and the lungs were 
gently pressed out at the openings. Hence it was inferred, 
that the spring given to the air by the pressure of a column 
of water nine inches high, was stronger than the elasticity of 
this animal's lungs expanded to the dimensions of the chest. 
To my surprise and disappointment, the water began to sink 
still lower in the glass tube, and stood at last at the height of 
an inch above the level of the water in the globe, and the 
lungs at the same time gradually collapsed. Water was again 
poured into the upright tube, till it stood for a few seconds at 
the height of nine inches above its level in the globe, and the 
lungs again filled the chest. Upon applying the ear to the 
openings, the cause of the collapse of the lungs was dis- 
covered. The sound of air was distinctly heard pressed 
from the lungs at the openings. Hence it was concluded, 
that the pleura pulmonalis had been wounded in opening the 
chest. 

On the s8th of August of the same year, a bullock recently 
slaughtered was made the subject of experiment. The same 
apparatus, using only a pipe of a larger diameter to be inserted 
into the larger windpipe of the animal, was applied as in the 
preceding case. Water was poured into the upright tube 
at C, until it stood at the height of one foot above the level, 
of the water in the globe, and at that of fpur inches from the 
top of the tube. Openings were then made in the chest to 
admit the air. The water instantly rose in the tube two 
inches higher, and remained stationary at that point. The 
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lungs, to appearance, were nearly collapsed to the usual de- 
gree. It was evident, from the ascent of the water in the 
upright tube upon the chest being perforated, that the spring 
given to the air by being compressed by a column of water 
twelve inches high, was not sufficient to balance the elasticity 
of the full dilated lungs of this animal. Water was poured 
into the apparatus till the tube remained filled. The lungs, 
with this additional pressure, still continued much shrunk. 
As the height of the tube was not great enough to ascertain 
the extent of the pressure necessary to balance the resilience 
of the lungs of animals of this size in the state of their usuil 
expansion in the living body, an alteration in the apparatus 
became necessary. 

On the 11th of September, 1817, a bullock was made the 
subject of experiment, with an apparatus of the same kind, 
but with a taller upright tube. Water was poured into the 
apparatus till it stood in the upright tube twelve inches above 
its level in the globe. The thorax was then opened. The 
water instantly ascended an inch and a half, and remained 
stationary. More water was then poured into the apparatus ; 
but when it had risen an inch higher in the tube, the globe 
was found to be full. A further alteration therefore in the 
apparatus becomes necessary, before the resilience of the 
fully distended lungs of an ox can be ascertained ; for the 
lungs continued shrunk to a considerable degree, in opposition 
to the spring of air compressed by a column of water of 
fourteen inches in height. 

On the same day another bullock, with a less capacious 
chest, was made the subject of experiment with the same 
apparatus. Water was poured into the apparatus, as in the 
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preceding instances, till it stood sixteen inches above the level 
of the water in the globe. An opening was then made into 
the abdomen. A fold of the fleshy part of the diaphragm 
was then drawn down on each side, and care being taken that 
no part of the lung was included in the fold, it was cut into. 
The sound of a current of air pressing through the openings 
into the chest was distinctly heard, and the water in the up- 
right tube arose instantly to the height of eighteen inches 
above the level of the water in the globe. The diaphragm, 
before the openings, was still tense, and slightly concave to- 
wards the belly ; but after that it became lax, wrinkled and 
flat. Some additional water was poured into the apparatus ; 
but we were prevented in this case, as in the preceding, 
from ascertaining the amount of the force requisite to distend 
the lungs to the dimensions which they usually occupy 
in the living animal, by the deficient capacity of the glass 
globe. 

By these experiments, I think it is clearly ascertained, that 
the spring of air compressed by a column of water of a foot 
and a half high, is not equal to the resilience of the lungs of 
an ox, at the usual stage of their dilatation. 

In all these experiments, the oxen were placed upon the 
back with the shoulder raised a little above the rest of the 
body : some share of the collapsing effort of the lungs might 
be imputed to their specific gravity. But when the levity of 
the lungs is considered, and also that they were observed not 
to shrink more from the breast to the spine than from the 
diaphragm to the neck, in opposition in this case to gravity, 
and that their dimensions were not increased, nor their form 
varied by any change of position ; little of the resistance which 
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the lungs made to the spring of the contained air, is imputable, 
I think, to their specific gravity. 

On the 16th of September, 1817, the apparatus was ap- 
plied to a calf. When the water in the upright tube had 
reached the height of fourteen inches above its level in the 
globe, the lungs appeared to be distended to the full capacity 
of the chest. Upon cutting off the communication between 
the apparatus and the animal, the water instantly fell to its 
level, and the lungs shrunk into very small dimensions. The 
animal, in this experiment, was placed with the chest erect, 
so that the shrinking of the lungs upwards from the dia- 
phragm to the neck, and which was observed to be as great 
as in any other direction, must have taken place in opposition 
to the specific gravity of the lungs. 

In almost every experiment in which the chest was perfo- 
rated by a sharp instrument, the lungs were found to be 
wounded, and the object in a great measure defeated. In the 
experiment about to be described, and the last which will 
be detailed at this time, great care was taken to prevent the 
accident now mentioned. 

On the 31st of October of the same year, the apparatus 
was applied to the prepared trachea of a dog, which had been 
hanged on the preceding day. Water was poured into the 
apparatus until it stood in the upright tube at the height of 
six inches above its level in the globe. The abdomen of the 
animal was opened, and the diaphragm freely exposed. A 
part of the muscular substance of the diaphragm was drawn 
down in a fold, which was done without difficulty ; and care 
being takfn that no part of the lung was contained- in the 
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fold, an incision was made into it. This was done on both 
sides. The water ascended instantly about an inch in the 
upright tube, and the lungs were found to have receded from 
the openings. Water was poured into the apparatus, until 
its level in the tube stood above that in the globe at the height 
of ten inches. The openings in the diaphragm were care- 
fully extended along the chest, and the lungs exposed freely 
to view. They were now apparently dilated to the boun- 
daries of the chest. In this experiment, the water in the tube 
remained steadily at the same height, and the lungs continued 
fully dilated. In those experiments in which the water was 
observed to descend slowly, and the lungs to collapse gra- 
dually, it is very evident, that the lungs must have been 
wounded, so as to allow some air to escape through the 
pleura. 

The appearance which the lungs exhibited in this situation 
was novel and interesting, and was no doubt the same which 
they would have exhibited in the living body, had it been 
possible to bring them into view. Their surface was smooth 
and polished, and their edges rounded, without any of those 
corrugations and sharp angles which they usually exhibit. 
Their colour was red, and life-like. They felt firm to the 
touch. The heart appeared like a bird nearly covered by its 
nest. 

The state of the diaphragm in this experiment was worthy 
of remark. Before the incisions were made into it, it still 
exhibited a degree of concavity towards the belly, but not 
with the same degree of tenseness which it is generally 
observed to possess ; for a fold of it was taken with ease, 
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which in ordinary cases, before the chest has been opened, is 
done with difficulty. As soon as the openings were made 
into the diaphragm, it became lax, flat, and corrugated. 

Frequent repetitions of these experiments, and much care 
and accuracy in conducting them, would be required, before 
the amount of the resilience of the lungs, in all the conditions 
in which it may be supposed to exist, could be estimated. But 
defective as these experiments in many respects are, the ob- 
ject, for which they were instituted, seems to have been fully 
attained by them. In the Inquiry into the causes of the motion 
of the blood, it was contended, that the elastic substance of 
the lungs, in consequence of the degree to which that sub- 
stance was stretched in the living body, generated a perma- 
nent power of great extent, and that this power was employed 
by nature to circulate the blood, and to carry on the process 
of respiration. The existence of this power was inferred, 
from the elastic property of the substance of the lungs them- 
selves ; from the space which those organs must fill in the 
living body ; from the phenomena exhibited upon opening 
the chest and admitting the external air ; and from the ebul- 
lition on the surface of the water into which the inverted 
windpipe of an animal had been inserted, as soon as the lungs 
were allowed to collapse. In the various examinations which 
my opinions have undergone, the existence of this power has 
been admitted, and the claim to priority in the* detection and 
application of it freely conceded to me ; but it has been con- 
tended| that the amount of it, in some instances, is incon- 
siderable, and consequently that the effects ascribed to it have 
been greatly over-rated. By these experiments, the power has 
been proved to be greater, than my anticipations even made 
mdcccxx. G 
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it, and fully adequate to all the important offices which I 
have ventured to assign to it. From a defect in the apparatus, 
the extent of the power in question could not be ascertained 
in the lungs of oxen and animals of their size; but it was 
proved to exceed, considerably, the force hecessary to sup- 
port a column of water of -a foot and a half in height above 
its level. In calves, sheep, and in large dogs, the resiliency 
of the lungs was found to be balanced by a column of water 
varying in height from one foot to a foot and a half, and in 
rabbits and cats, by a column of water varying in height from 
six to ten inches. 

The method by which nature has contrived to apply this 
powerful engine to the heart and diaphragm, I have attempted 
to explain at length in the treatise already mentioned. In a 
preceding part of this paper, however, I have stated, that 
during the life of the animal, and after death, until an opening 
shall have been made into the cavity of the chest, the dia- 
phragm assumes the form of a cone, and that the causes of 
this phenomenon would be afterwards pointed out. The 
brief explanation which is now to be given of this appearance, 
will afford, at the same time, a perspicuous view of some of 
the important purposes to which, in my opinion, nature has 
turned the elasticity of the lungs. 

While the chest is in a sound state, a balance of atmos- 
pherical pressure ponderates against the external surface of 
its walls ; or these are pressed inwards more than they are 
pressed outwards by a given weight. The shell of tfae chest 
possesses sufficient stability to resist this pressure without 
changing in any considerable degree its form and capacity at 
all parts, except at the base, or diaphragm ; which being 
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muscular, pliant, and of a more extensive area than that of 
the transverse section of the chest, is in consequence of the 
greater weight sustained by its outward or inferior surface, 
necessarily pressed, or, in popular language, sucked upwards 
in the form of a cone. The extent of this cone will be ne- 
cessarily regulated by the extent of the area of the diaphragm, 
compared with that of the area of the transverse section of 
the chest. But the contraction of the muscular fibres of the 
diaphragm diminishes its area, and reduces it to a nearer 
equality with the area of the transverse section of the chest, 
and thus diminishes the magnitude of the diaphragmatic cone, 
and in an inverse proportion enlarges the boundaries of the 
chest. But the diaphragm at the succeeding relaxation of its 
fibres, is restored to its former dimensions; becomes capable 
of being swelled into a larger cone ; and, by this encroach- 
ment, reduces the boundaries of the chest to their former limits. 

Two powers are therefore concerned in regulating the 
movements and in varying the dimensions and form of the 
diaphragm, the elasticity of the lungs, and the contractile 
power of the muscular fibres of the diaphragm. Of these 
powers the one is permanent and equable, the other variable 
and exerted at intervals. The contractile power of the dia- 
phragm, when fully exerted, is evidently much stronger than 
its antagonist, the resilience of the lungs ; but the latter not 
being subject to exhaustion, takes advantage of the neces- 
sary relaxations of the former, and rebounding, like the stone 
of Sisyphus, recovers its lost ground, and renews the toil of 
its more powerful opponent. 

Breathing is in a great measure the effect of this inter- 
minable contest between the elasticity of the lungs and the 
irritability of the diaphragm. 
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The cause of the successive contractions of the diaphragm, 
in those cases at least in which the will is not concerned, seems 
to admit of the following explanation. A permanent and 
invariable load is sustained by its lower surface. By this load 
the relaxed muscular fibres become stretched to a degree 
which at length becomes painful and stimulating. To relieve 
itself from this irksome burden, the diaphragm is roused to 
contraction ; but this contractile power, agreeably to the 
laws of muscularity, is soon exhausted, and falling into a 
quiescent state, allows the painful and stimulating distension 
of the relaxed fibres of the diaphragm to be again renewed. 
From the irksomeness of this condition it relieves itself by 
a fresh contraction. Thus, by the alternated Superiority of 
two powers, on the. balancing Of which life itself depends, 
the chest is successively enlarged and diminished, and air 
alternately expelled and iiihaled. 

In a similar and equally effective manner, thh elasticity of 
the lungs" will be found tb influence the movements of the 
heart ahd the motion of the blood. But as the^e movements 
are of a more complicated nature ; as the cdnsideration of 
them would lead into a long detail ; and as my opinions re- 
specting them are already fully recorded, I will not pursue 
the inquiry farther at this time. 

In investigating the manner in which the elasticity of the 
lungs is rendered subservient to the great functions of res- 
piration and the circulation, I shall be found, I trust, to have 
opened to the views of the physiologist, a new and a bound- 
less field, which, I will venture to predict, will reward every 
skilful and assiduous cultivator with a rich harvest of dis- 
covery. 
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IV. On the action of crystallized bodies on homogeneous light, 
and on the causes of the deviation from Newton’s scale in the 
tints which many of them develope on exposure to a polarised 
ray. By J. F. ’Vfc Herschel, Esq, F. R. S. Land, and Edin. 

Read December 23,1819 

Si n ce the period of the brilliant discovery of Malus of the 
polarisation of light by reflection, the investigation of the 
general laws which regulate the action of crystallized bodies 
on light, has advanced with a rapidity truly astonishing, and 
the labours of an Arago, a Brewster, and a Biot, have al- 
ready gone far towards completing the edifice of which that 
distinguished philosopher laid the foundation. When Malus 
wrote, the list of doubly refracting crystals was small, and 
the most remarkable among them possessing only one axis of 
double refraction, it seems to have been for some time, tacitly 
at least, presumed that the law discovered by Huygens, and 
since re-established in the most rigorous manner for that one,* 
might hold good in all. The discovery, by Dr. Brewster, 
of crystals possessing two axes of double refraction, or two 

• The author of the article on Polarisation, in the 63d Number of the Edin- 
burgh Review, just published, is guilty of a most unpardonable mistake, in as- 
serting, (p. 188), as deducible from Dr. Bat water's experiments, that the Huy* 
genian law is incorrect , for carbonate of lime. Dr. Brewster's general formulae for 
crystals with two axes resolve themselves into the Huygenian law when the axes 
coincide, of whkh case it is only an extension. That excellent philosopher, if I 
understand English, in the paragraph which gave rise to this strange assertion, only 
means to declare his opinion that it remains undemonstrated. 
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directions in which a ray may penetrate their substance with* 
out separation into distinct pencils, has proved the fallacy of 
any such generalization, and rendered it necessary to enter 
on a far more extensive scale of investigation. 

There are two methods which may be pursued in obser- 
vations on double refraction and polarisation, the one direct, 
the other indirect. The former turns oriliumediate observ- 
ations of the angular deviation of the extraordinary pencil, 
and is, of course, only applicable when the forces which act 
exclusively on the rays composing it are sufficiently intense 
to cause a sensible separation of the two pencils. There 
exist, however, a multitude of crystals in which the force of 
double refraction is so feeble as to produce scarcely any, or 
at most a very inconsiderable deviation of the extraordinary 
ray, and in which, consequently, the laws of double refrac- 
tion could neither be investigated nor verified, without having 
recourse to some artificial means of magnifying the quantity 
to be observed ; a thing easy enough in theory, but requiring, 
in practice, the greatest nicety on the part of the observer, 
and in many cases altogether impracticable, from the phy- 
sical constitution of the crystals themselves. The indirect 
method depends on the discovery of Arago, scarcely inferior 
in intrinsic importance to that of Malus, of the separation of 
a polarised ray into complementary portions by the action of 
a crystallized lamina. It was reserved, however, for the 
genius of M. Biot, to trace this striking phenomenon to its 
ultimate causes, in the action of crystals on the differently 
coloured rays, and to develope, in a simple and elegant theory, 
the successive gradations by which the polarisation of a ray 
in its passage through a doubly refracting crystal is performed'; 
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while, on the other hand, the splendid phenomena of the 
polarised rings, which we owe to Dr. Brewster, have es- 
tablished the connection of the tints so polarised with the 
force producing the deviation of the extraordinary pencil, and 
shown the legitimacy of conclusions respecting the intensity 
of the latter, drawn from observations on the former. 

This indirect mode of observation, which consists in notic- 
ing the gradations of colour for different positions and thick- 
nesses of the crystal, possesses three capital advantages. The 
first is its extreme sensibility, which enables us to detect the 
existence, and measure precisely the intensity of farces, far 
too feeble to produce any measurable deviation of the extra- 
ordinary pencil. It, in fact, affords the rare combination of an 
almost indefinite enlargement of our scale of measurement, 
with a possibility of applying it precisely to the object mea- 
sured, arising from the distinctness of all its parts. Another, 
no less precious, is the leading us by mere ocular inspection 
to the laws of very complicated phenomena, and enabling us 
to form, and mould as it were our analytical formulae, not on 
a laborious, and sometimes deceptive discussion of tabulated 
measures, but on the actual form of the curves themselves, 
which are loci of the functions under consideration. It is 
true, that a reference to tabulated measures is indispensible to 
give precision to such first approximations ; but the power 
this mode of observation affords of copying our outline fresh 
from nature, and from the general impression of the phe- 
nomena, brought at once under our view, is an advantage 
not to be despised. Nor ought we, lastly, to omir, in our 
estimate of advantages, the means thus afforded us of sub- 
jecting the minutest fragments of a crystal to a scrutiny as 
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severe as the most splendid specimen, and thus extending 1 
our researches to an infinitely greater variety of natural 
bodies, than we could otherwise hope to examine. 

In order, however, to render observations on the tints de- 
veloped by polarised light available, they must be comparable 
to each other ; and it therefore becomes an object of the first 
importance, to ascertain the existence, and discover the laws 
of any causes which may operate to disturb their regularity. 
Ever since I first engaged in experimental enquiries on the 
polarisation of light, I was struck by the very considerable 
deviation from the succession of colours in thin lamina?, as 
observed by Newton, which many crystals exhibit when cut 
into plates perpendicular to one of their axes. I at first 
attributed this to a want of perfect regularity in their struc- 
ture, or to inequalities in their thickness, arising from my 
own inexpertness in grinding and polishing their surfaces ; 
and it was not till habit had rendered me familiar with all the 
usual causes of deception, that, finding the same phenomena 
uniformly repeated in different and perfect specimens, my 
curiosity became excited to enquire into their cause, the more 
so, as they now began to assume the form of a radical and 
unanswerable objection to the theory of M. Biot, above al- 
luded to, which affords so perfect an explanation of the tints 
in crystals with one axis. 

These phenomena have not escaped the vigilance of Dr. 
Brewster. In his paper of 1818, he distinctly notices the fact 
of a deviation from Newton's scale, in crystals with two axes, 
and promises a more detailed account of it, which however has 
not yet appeared. But the object of the present communication 
is not thereby anticipated, as in the only passage in that paper 
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ill whichhe expresses himself otherwise than obscurely on its 
cause, he appears to regard the deviated tints as analogous 
to those developed along the axis of rock crystal and by cer- 
tain liquids ; an analogy which, in the present state of our 
knowledge ,on that perplexing subject, it seems not easy to 
admit. In a paper too, which has lately appeared, containing 
the interesting observations of the same excellent philosopher 
on the optical structure of the apophyllite, he remarks the 
very striking deviation of the colours of this crystal from 
Newton's scale “ in the first orders" of its rings; and while 
he remarks that such deviations are common enough, and 
indeed universal in crystals “ in which the rings are formed 
by the joint action of two axes," seems to think this analogy 
close enough to authorize the substitution of two rectangular 
axes of a negative character for the single positive axis 
actually observed, according to his own peculiar and ingeni- 
ous views on this subject. I lost no time in endeavouring to 
procure a specimen of this mineral, and by the kindness of 
my friend, Sir Samuel Young, (to whom I owe more than 
one obligation of this nature) was favoured with one sufficiently 
transparent for optical examination. From my observations 
on this body, I think I shall be able to demonstrate satisfac- 
torily, that the phenomena of the apophyllite depend on a 
principle distinct from that which produces the chief part 
of the deviation of tints in most crystals with two axes. # 
The course I propose to pursue is, first, to describe the 
phenomena themselves. I shall then show how these phe- 
nomena, complicated as they are in appearance, are all redu- 
cible to one very simple and general fact ; viz. that the axes 
wdcccxx. H . 
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of double refraction differ in their position ra the seme crystal 
for the differently coloured rays of die spectrum, being dis- 
persed in one plane over an angle more, o*. less considerable;, 
according to the nature of the substance. In manybodiea, 
the magnitude of this dispersion of the axes. is -portipanar 
lively trifling, -while in some, riot, otherwise remarkable for 
a high ordinary or extraordinary dispersive power, it it 
enormous, and must render all computation of the tints in 
which it is not taken into consideration, completely erroneous; 
and indeed obliterating almost every trace of the Newtonian 
scale d* colour.' i We have here, then, a new dement, which 
for the future must enter into all formulae of double refraction 
pretending to rigour, and at the same time are presented with 
another very striking instance of the inherent distinction be- 
tween the differently coloured molecules of light, which, since 
the. time of Newton, every new step in optical science has 
tended to place in astronger point of view. At the same time, 
by the. easy and complete explanation this principle affords 
of all the more perplexing anomalies in the tints, the theory 
of alternate polarisation to which they were hitherto so pal- 
pable and formidable an objection, stands relieved from every 
difficulty, and may now be received at fully adequate tit the 
representation of all the phenomena of the polarised rings, 
and entitled to rank with the fits of easy transmission and 
reflection, as a generaland simple physical, law. , Ip fact, if we 
investigate by this theory a general analytical expression of 
the tint developed for any position, and thickness of the plate, 
taking this element into consideration, it will be found to in- 
clude all the phenomena,; as |rt as they can be competed. 



whrle thfi Im ofdispersion remains unknown. But we may go 
yet farmer. The natureof the formulsfurnishes an e^ati#? 
by vtfiichtbe actual quantity of the separation 4»f the. extreme 
red and violet axes may be deduced from observations of 
the tbits of ar very simpieantf accurate nature.being perfectly 
analogous in principle to the^‘ method of coinddences,” winch 
has of late been applied with such success . to the roost delicate 
investigations in every department of pj^yskal science. The 
comparison of the results affordedby that, equationfwith those 
deduced by direct observation on homogeneous light, while it 
leaves nothing to desire in point of accuracy, leads to another 
important result, viz. that the proportionality of the minimum 
lengths of the periods performed by differently coloured mo- 
lecules, in a doubly refracting crystal to the lengths of their 
fits of easy reflection and transmission, supported as it Is by 
an induction of no ordinary extent and accuracy, is yet not 
universal, admitting a deviation to a very large amount. 
Hence must of course arise a kind of secondary deviation in 
the scale of tints. In crystals with two axes, however, this is 
masked by the much more powerful effect of the separation 
of the coloured axes; yet even there, isnot altogether insen- 
sible in an extreme case. In the apophyllite, however, the 
agency of this secondary cause is placed in the fullest evi- 
dence. The application of our general formula to the ano+ 
malous tints of that body, while it proves incontestably the 
exact coincidence of the axes for all the coloured rays, points 
out at the same time a peculiarity in its action on the more 
refrangible extremity of the spectrum, of a nature so sin- 
gular, so entirely without example in all the multitude of 
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natural and artificial bodies hitherto examined, as to render 
me extremely desirous of prosecuting the research, with the 
aid of more perfect specimens^ and improved methods of 
observation. 

Having arrived at the general result of a dispersion of the 
axes by the sole consideration of the gradation of tints in 
plates of various thicknesses, it becomes interesting to verify 
it by direct and independent observation. This I have ac- 
cordingly tione ; and the fortunate discovery of a substance 
in which it is of enormous magnitude, puts it in our power to 
render the fact sensible to the eye of the most unpractised 
observer, by an exceedingly simple experiment, to be de- 
scribed in its place. 

II. Of the general phenomena of crystals which develope tints 

deviating from Newton’s scale, by exposure to polarised light. 

In describing the phenomena, I shall at present confine 
myself to the tints developed along the principal section of 
the crystal, which is supposed placed in an azimuth 45 0 with 
the plane of primitive polarisation. The observations of the 
tints in this position are most easily made, and least liable to 
error, and we shall see presently that it would be superflu- 
ous as well as embarrassing to examine other situations, the 
law of the phenomena being completely deducible from this. 
In this series of observations, then, we traverse the polarised 
rings (PI. V. fig. 1.) in the direction of their axis of symme- 
try AA', passing through their poles P,P' and centre O. Now 
if we subject to this examination any one of the following 
substances : 
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Sulphate ofsoda ? Arragonite, 

Sulphate of baryta, Sugar, 

Nitrate of -potash. Hyposulphite of strontia, 

it will be seen that the tints between the poles PF correspond 
to lower orders of colour, than would result from assuming 
P, F, as the origin of the scale, *nd agree much better ’with 
the assumption of certain points p,p' without the poles, as their 
zero, or commencement of the scale. The poles themselves, 
too,instead of being absolutely black, are tinged with colour; 
and the tints beyond them, instead of descending in the scale 
from the poles outwards, continue to rise till they reach their 
maximum (which is a white, more or less brilliant, or an abso- 
lute black) at the points p,p ‘ ; after which they descend again 
to infinity. Not that in any case they coincide precisely with 
the scale of Newton, even with this correction, but, except 
in extreme cases, approximate to it within some moderate 
limit of error. 

If, on the other hand, we examine in the same manner one- 
of the following bodies : 

Tartrate of soda and potash. Sulphate of magnesia, 
Borax, Topaz, 

Mica, 

it will be found that the imaginary points^,/*' ( which we shall 
call the virtual poles') from which the tints must be reckoned 
inwards and outwards, to produce the nearest possible agree- 
ment with Newton’s scale, lie between the poles P, F. 

In all these crystals, as the thickness of the plate examined 
increases, the virtual poles pp’ recede from the actual ones 
PP / , at least in respect of the number of alternations of colour 
which intervene between them : in other words, the tintdeve- 
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loped in the poles, or along the apparent axes of the crystal, 
descends in the scale of coldur, as the tlacteen of the {date 
increases , 4 md race versa. Ini very small thicknesses, the tints 
approximate pretty closely to Newton's scale, or Wholly 
coincide with it, while in very great ones, the t&t developed 
m the poles iathe composite white of the extremity of the 
scale. The angular distance, however, of- the virtual poles 
from each other and from the axes, remains absolutely un- 
changed for all thicknesses ; and this striking faCt! which 1 have 
proved by numerous and satisfactory experiments, was first 
suggested for examination as a result of theory, and would 
equally hold good, as will presently be proved, for every con- 
ceivable law of double refraction. 

The substances which I have examined most attentively, are 
sulphate of baryta, nitre, mica, and Rochelle salt, and the sub- 
joined tables of tints developed for different inclinations in 
plates of the first and last of these, may serve as examples 
of the mode of action of the respective classes to which they 
belong on light, and will afford data for some calculations 
to follow. The first two columns contain the inclinations 
corresponding to similar tints of the incident ray on the 
moveable plate which carries the crystal, in the general ap- 
paratus imagined by M. Biot, for observations of this kind. 
Were the plate cut in a direction precisely perpendicular to 
the optic axis, (or line bisecting the angle between those of 
double refraction ) and adjusted with perfect accuracy on the 
instrument, the excesses or defects of these angles above or 
below §0° would represent the angles of incidence. Neither 
of these conditions were, of course, exactly fulfilled. But it 
is obvious that the small errors in these particulars (winch 
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were ascertained not to exceed i° or 3*), must affect the com- 
puted angles of refraction on l?oth sides of the perpendicular 
with equal and opposite errors. The same may be said of 
any error arising from a slight prismatidty of the plate, which, 
however, must have been extremely small, the plate having 
always been rendered parallel by the delicate test, of the 
sphaerometer, within a very few divisions.* Consequently, in 
calculating on these datav the mean angle of refraction de- 
termined by the simultaneous use of both observations, (their 
semi-difference being taken for the angle of incidence) may 
be expected to differ from the truth by an extremely minute 
quantity. The third column contains the tint developed in the 
ordinary pencil, and the fourth in the extraordinary. The 
last notices the remarkable points in the system of rings to 
which the tints and angles in the other columns correspond. 
The positions of tlie poles were determined by interposing a 
red glass between the crystal examined and the reflector used 
to polarise the incident light. The glass used for this pur- 
pose, was of that kind occasionally found in old church win- 
dows, and whose manufacture seems to be numbered among 
arts now forgotten. It transmits almost the whole of the 
red rays, and part of the orange, while it completely stops all 
the more refrangible colours. I have endeavoured in Vain to 
procure a specimen, whose Ihpits of transmission are more 
confined. Such are said to exist, though very rare, and in the 
absence of such, the indications of that employed may be 
taken to correspond to the mean red rays. 


Each equal to the 23809th part of an inch. 
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Tawj: |i -Sulphate vfbatyta. Thickness of plate = 0.11964. 


TS&qttSEig 

..isfeags. 


Ordinary pencil. 


Extraordinary. 


fijenkfks, Ire. 


52 o 


43 $§m 

45 < 1*33 

40 b 1 52 

I *3® 

46 $8]i3I 
3 * 

[47 531*30 


k 8 **i 


50 S 8 


126 


53 1 


5+ *1 

55 2 5 

56 S3 

57 30 

57 5 ° 

58 ij 

,59 **| 
I 60 45 


62 

6 2 58 

63 *5 

64 28 

65 40 
67 301 
69151 


SO}! 


129 

isB 


1 2 7 45 ] 


**5 

125 

**5 


114 30 


**3 30 


122 151 


121 o 
120 I5 

1 *9 35 


118 
117 
117 
« 1 1» 

**5 

114 

113 

in 

10 


[Fink 

, Bluish % wen 
[Rich pink 
Whitfah 
Spli 
Blue 

Crimson . , 

Yellow inclining to orange , 
Yellow 
Blue green 
(Blue 

SBjPurpIe 

Rich crimson red • 

Fine orange 
Pale orange yellow 

Bluish white 
Light blue 
ISombre greenish blue 
50jDirtv and very sombre purple . 
'Sombre and narrow pinkish red . 
Very pale violet or pinkish whitej 

White 

[White slightly yellowish 
Pale and dirty olive green 
[Very narrow violet 
Blue very sombre and narrow 
Light blue 

[Bluish or greenish white 
[Yellowish white . 

Light yellow 
Dull orange pink 
[Sombre purple 
Blue 

[Pale green . , • 

Pale yellow 

l*ight yellowish pink 
Rich pink 

Pale purple « . 

[Blue green 
White 
:Pink 

[Pale purple 
[Greenish blue 
White 
Pink 

[Greenish blue 
Pink 


(Tifltt beyond 
tfce poles 


Very pale blue green * 

Pink \ 

Beautiful green 

Doll purple - . 

Rich crimson 
Yellow 
Fine green 
Blue 
Purple 

Rich crimson 
Orange 
Pale yellow 

Pale green or greenish white 
Light blue 

Dark blue . 

Sombre & very narrow purple! 

Scarlet or fiery red 
Orange 

Ruddy white, or very pale 
White [orange 

White 

Greenish white 

Dirty bluish green j ^ 1 

Nan ow and vei y Sombre violet Virtual poles 
Violet [purple nn '- or oointsl 

Violet white 
White 

White slightly yellowish 
Pale yellow 

Indifferent purplish pink 
Sombre and narrow purple 
Dark blue 
Pale greenish blue 
Pale yellow green 
Yellow 

Fine pink verging to crimson 
Purple 


o|Pale greenish blue 


Greenish blue • 
Bluish green 
Greenish white 
Crimson 

Very pale purple 
Blue green 
Whitish 
Pink 

Dull purple 
Bluish green 
Pink 

Pale greenish blue 
Pale pink 


pp', or points 
or coincidence 


The pole$P,Pj 
[Tints between 
the states. 
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In this plate the virtual poles correspond very nearly to the 
second minimum of the extraordinary pencil beyond the 
poles PP*. The same plate was now reduced by grinding to 
the thickness 0.08816 inches. In this operation, care was 
taken to grind away the side of the plate most distant from the 
eye only, leaving the other perfectly untouched and unim- 
paired in its polish. The plate being reduced to exact paral- 
lelism by the sphaerometer, was again examined, the same 
side still remaining next the eye. By this arrangement the 
same angles of emergence from the posterior surface cor- 
respond rigorously to the same directions of the ray in the 
interior of the crystal, with respect to the axes of its mole- 
cules ; and thus we avoid completely any errors which might 
arise from using plates cut at different angles, it being almost 
impossible to cut two plates precisely alike in this respect. 

in. 

Table II. Sulphate of baryta. Thickness =0.08816. 
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. In this plate the virtual poles correspond to the second 
maximum of the extraordinary pencil. It is needless to 
detail the tints between the poles. The same plate once 
more reduced, with the same precaution to leave the poste- 
rior surface untouched, developed the following series of 
colours beyond the poles. 


in* 

Table III. Sulphate of baryta. Thickness = 0.05758. 


Corresponding 

inclinations. 

Ordinary pencil. 

Extraordinary. 

Remarks, &o» 

60 57 

0 / 

1 22 50 

Fine yellow . . . 

Indigo 

Poles, for the 

60 20 

123 27 

Pale yellow 

Purple 

mean red rays. 



White inclining to yellow 

Dull crimson red 

Tints beyond 



Bluish white 

Dull orange 

the poles. 



Indigo 

Yellow 


57 55 

126 4 

Sombre purple 

White 


57 5° 

126 7 

Sombre reddish violet 

White 


57 20 

126 33 


White 



127 30 

Pale yellow 

Violet white 


55 4° 

128 2 

White 

Sombre violet 


55 33 

128 20 

Pure brilliant white 

Black ... 

Virtual poles. 


128 30 

W hite . * 

Sombre dirty green 




Pale orange 

Pale dirty bluish green 


53 40 

130 10 

mssmmmassmmm 

White 


53 27 

130 30 

Sombre and narrow purple 

White 




Blue 

Ruddy white 




Pale blue 

Orange 




Bluish white . 

Orange red 



132 20 White . . . 

Narrow crimson 


Si 3 

132 40 Pale yellow, Sec. See. 

Purple, &c. Sec. 



Here the virtual poles p f p* correspond precisely to the first 
minimum of the extraordinary pencil. 

In a plate of Rochelle salt, cut nearly, but not quite perpen- 
dicular to the optic axis, and whose thickness was 0.1944&5 
inches, the rings beyond the poles were almost entirely obli- 
terated, while those between them exhibited the following 
singular succession of colours, which will show to what an 
extent the deviation from Newton's scale is carried in this 
substance. 
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Table IV. Rochelle salt, perpendicular to the optic axis* 2Jiickne$s=0, 194425. 




Ordinary pesfitt- 


Eztnordhuuy* 


Remade*, Arc. 


Exceeding pale blue 
Exceeding pale pink 
Very pale blue 
Very pale pink 
Very pale blue 
Pale pink 
Pale blue 


Yellowish pink 
Pale greenish blue 


Pa 
V« 

W 

Rich crimson 
Pa 
Pa! 

W] 


White . . . . . 

Exceeding pale pink 

Exceeding pale blue 

Very pale pink 

Very pale blue 

Very pale pink 

Pale blue green 

Pale yellow pink 

Blue green 

Pale yellow pink 

Greenish blue 

Very pale purple 

Yellow pink 

Greenish blue 

Yellowish pink 

Pale pinkish yellow 

Pale greenish blue 

Dark blue 

Pale purple 

Very pale violet pink 

Very pale yellow 

White 

Pure white 

A little violet 

Very narrow dark blue 

Blue, sombre and pale 

Pale yellow green 

White 

Fine crimson 
Pale purple 
Very pale green 
White 

Rich crimson 
Pale purple 
Very pale green 
White 

Good pink, almost crimson 
Very pale purple 
Pale greenish blue 
White 

Pale yellowish pink 
Pale blue 
Very pale yellow 
Very pale lilac blue 
Yellow green 
White 
Fine lilac 
White 

Fine yellow green 
White 
Fine lilac 
White 

Fine yellow green 

White 

Pale lilac . 


(Poles PP' 
red rays. 


Virtual poles 

p>p‘- 


The middle tint 
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In order h^yvever to avoid the effect of the dispersive 
power, which at such considerable obliquities would render 
the dteervations liable to some uncertainty, I cut another 
plate, in such a manner that the perpendicular to its surface, 
instead of coinciding nearly with the optic axis, was directed 
very nearly to one of the virtual poles. Its thickness was 
then gradually reduced in the manner above described for 
sulphate of baryta, though, owing to the nature of the body, 
it was found impossible to avoid the necessity of re-polishing 
the posterior surface at each operation ; but as this was done 
with all possible care, only a very slight error can have arisen 
from this cause. 

in. 

Table V. Rochelle salt. Thickness — 0.11518. 


Ordinary pencil. 



Extraordinary. 


Very pale bluish green 


Remark*, &c. 


1 PoleP for mean 
‘ 1 red rays. I 
J Perpendicular I 
[ incidence. 


Very fine intense indigo 
Purple rather sombre 
Indifferent purplish pink 
Yellowish pink white 
White inclining to orange 
Yellowish white 

White, not very brilliant . The virtual 
Pale violet blue pole p. 

( Sombre indigo inclining to 
1 violet, narrow & well defined. 

Sombre violet white 

V ery pale greenish yellow 

White tinged with greenish ye!- ^ 

Fine crimson [low 

The richest deep damask qriro- 
Livid imperfect purple [son , 

Fine pale green 
White 

Fine rich crimson 
Pale blue green 

Light pink strongly inclining to 
Pale greenish blue [orange red 
Fine yellow 

Fine pink a little purple 
Lilac 

Splendid green 
Rich lilac 
White 

Splendid yellow green 
White 

Pale lilac blue 
White 

Pale greenish yellow 
Fine lilac 
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Here tile virtual pole was coincident with the 5th maximum 
(or thereabouts) of the extraordinary ray from the pole P ; 
die succession of tints, however, unless dose to the virtual 
pole, is omitted, in order to shorten' the table. 


Table VI. Rochelle salt. Thickness = 0.08557. 


Indma- 

dona. 

Ordinary peneiL 

Extraordinary. 

Ranaifcs,*c, 

*62 c 

*78 0 

178 30 

* 7 ® 55 
380 0 

all 30 

* 8 * 35 

*;$ >j 

»*S +5 

287 JO 

288 4 j 

291 40 

Good light pink 

. • • » ■ • 

Very pale yellow green . 

Very pale yellow green . 

Very pale bluish green . 

Indigo . : 

Pale violet . . 

White 

Very pale greenish yellow . 

Pale greenish yellow • 

Pale pinkish yellow , 

Pale pink 

Crimson 

Rich fiery damask crimson 

Livid imperfect purple 

Fine light green 

Very (Mile green 

Good crimson 

Crimson, almost scarlet. See. , 


Pole P for mean 
red. 

Perpendicular 

incidence. 

Virtual pole. 


In this plate the virtual pole fell about half way between 
the 4th maximum and the 5th minimum of the extraordinary 
ray from the apparent pole P for the mean red rays. When 
once more ground down, it gave as follows : 
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, . ,v< Table VII^ Rochelle salt. {Ihichness = 0.05437. 



III. On the causes of these phenomena. 

The developement of colour along the axis 1 of double re- 
fraction, is at first sight analogous to the productiorT Of the 
secondary tints along the axis of rock crystal, discovered by 
M. Arago, and recently explained by M. Biot, in a masterly 
memoir communicated to the Academy of Sciences, on fife 
hypothesis of a force inherent in its molecules independent 
of their state of aggregation, by which they communicate a 
rotation in an invariable direction to the axes of polarisation 
of the luminous rays. And this analogy is partially supported 
by the fact, that the tint developed along the axis, descends 
in the scale of colour as the thickness increases. * 
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. ■' A more scrupulous examination however will show, that 
Its orighK)itH*M '«qt be sought in any dause of this suture, 
for (not to mention the impossibility ofexplaining the phe- 
nomena of the virtual pedes by this hypothesis) if we place the 
principal section of the crystal in the azimuth zero, the extra- 
ordinary image will be found to vanish completely for every 
angle of incidence, and whatever be the thickness of the plate. 
I may add too, that I have in my possession a crystal of quartz, 
which exhibits with tolerable distinctness in some parts the 
phenomena of two axes, and the appearances produced . by 
the interference of the secondary tints in this specimen, while 
they agree completely with M. Biot's explanation, differ 
entirely from those which form the subject of this Paper. 

Neither are the phenomena above described explicable on 
any supposition of a peculiar action of the crystal on the diffe- 
rently coloured rays, analogous to its ordinary or extraordi- 
nary dispersive power, by which the periods of alternate polar- 
isation of the molecules of some colours, should' be length- 
ened, and of others contracted, so as to disturb that exact 
proportionality to their periods of easy reflection and trans- 
mission, which M. Biot has proved to be a necessary condition 
for' the production of the tints of Newton's scale. It is true, 
such laws of action may be imagined, and I shall presently 
show must really exist ; in all crystals probably to a small 
extent, but in two instances at least, to a surprising degree. 
But this alone will avail us nothing. To show this, and at the 
same time obtain a general analytical expression for the tint 
developed at any inclination, and for every hypothesis of the 
action of the cry star on the differently coloured molecules, 
let us denote by c, the length of a complete period of easy 
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tnBMSfonod old reflection, or the extent of one pube, on the 
undulitor}* hypothesis, 'Hi vacuo, and at a perpendicular woi- 
dance for any homogeneous ray, and let C denote it* colour 
and proportional intensity or illuminating power in the pris- 
matic spectrum. Then will’ the formula' representing a beam 
of white light intromitted into the crystal, be 
C C' + C" + dec. 

from one end of the spectrum to the other. 

Let » be the number of periods (each consisting of a double 
alternation) and parts of a period performed by the elemen- 
tary pencil C, in its passage through the medium : then, ac- 
cording to the theory of M. Biot, when n is o, 1, a, 3, flee, 
ad inf. the pencil will wholly pass into the ordinary image ; 
but when the values of » are *, dec. it will wholly* be 
thrown into the extraordinary one, and in the intermediate 
states of n, partly into one and partly into the other. These 
are satisfied if we represent by sin.* (a*-) the 
intensity of the ray in the ordinary image, taking unity for 
its original intensity ; and it will I believe be found, that the 
gradation of intensity given by this formula for the inter- 

• The amplitude or total extent of each oscillation of the plane of polaii 
here supposed 90°, in which case the contrast of colour in the two pencils is at its 
maximum. This is the case in the situation we are considering, but In general the 
intensity of the extraordinary ray, instead of being represented by sin.* n w, will have 
an additional factor, a function of the azimuth A of the principal section of 
the crystallized plate and the position of the refracted ray, and which becomes unity 
when A=k 45 # , and the plane of incidence is that of the principal section. It is on 
this factor that the gradation of bright**** in the isochromatic lines, and the black 

cross or hyperbolic branches which intersect them, depend. But it is Apt my lntin* 

tion at present to enter on this part of the subject for reasons to be explained farther 

on. See note in page 84. 
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S|c. sin* (*«■)} b»C. sin* (e *r) + C'. sin* (»V) + &c. 
Then will this expression represent the tmt de vekjped in 
the extraordinary image, and consequently, Sjc.cos’ (*w) j 
that in the ordinary one. i , / 

Now, ft, the number of periods performed depends, ist, on 
the nature of the rey, or on c ; »dly,onthe intrinsicenergy of 
the action of the medium on that ray ; and gdly. on the di- 
rection of its course, the thickness of the plate, and whatever 
other cause or limit of periodicity may happen to prevail. 
Hence we may take saMxi,i bring a function of inde- 
pendent only on the nature of the body through which the 
ray C passes, and M bring a certain multiplier whose form 
we shall consider presently. This substitution made, the 
expression for the tint becomes s{ C. sin’ ( M £. *• ) j 

In the theory of the Newtonian colours of thin plates and 
the polarised rings in crystals with one axis, the multiplier 
M is independent on c, varying only with the direction of the 
ray and the thickness of the plate. It is therefore the same 
for all the coloured rays, and the tint, for any value of M, 
will be v *. 

*No put rf aor aabtcqaeat roaming depend* oo the form ofthit function. It 
kjigltdont toJuwwtbatit stmt tea periodical, and even function of a. . Itatmty 
ia A* oMWUadonaf Buawrinlntewtluit it it aeemmry to make «y atore pre- 
da ammptioa. 
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riation either in the direction of the ^ softhe 

medium; or both, through allgvadation# ofvaUte,te mfeiity, 
or to itsmaximum, ifnot susceptible of infertile jncraasetthen 
we see that for every value of M a certain peculiar rint will 
arise, {and that, provided M ‘commence at zero and oontinue 
increasing, the same succession of tints will invariably be 
developed in the ^ame- order. Consequently, if weffoc upon 
any two tints in this scale of colour, or arty two values of if, 
the same succession and the same number Of alternations of 
colour must invariably intervene between them, however we 
pasi from one to the other. 

In a crystal with two or more axes, the value of M for any 
ray C must of course be zero in the direction of the axis, and 
therefore if the same supposition of the independence of M 
on e be made, the same conclusions should follow ; namely, 
1st. that die extraordinary ray must always vanish in the 
pole, whatever be the thickness of the plate ; and adly, that 
the same succession and number of alternations of colour 
should intervene between the pole and any assigned unequi- 
vocal tint, such as black, or the pure brilliant green of the 
gd order of Newton's Scale. Both these conclusions are 
totally at variance with the facts above detailed,’ as to the 
developement of colour in the poles, and the situation in the 
order of the rings of what we have called the virtual poles. 
Hence we are necessitated either to give up the theory of 
alternate polarisation altogether, or to admit the dependence 
of the multiplier M on c, or on the nature of the ray. Let 
us see to what this will lead ,us. 








to witfetwo a**«» the mn^}^^|ferio^£fMa£Mmed 

in a gwwa «p«oe (d* t M>y # molemte ,ftf a givencokwr, 
transmitted in a direction making angle* 0 , 0 ' with themes. 


can only be a function of the form 4,4 ( , M')*44*PM*«K«g 


on the intensity ofthe polarising force; or as before, being a 
function of c, the nature of the ray, and of the intrinsic energy 
of the molecules of the crystal. Nowlf we call t the thick- 
ness of the plate, end pthe angle of refraction, ~ is the 
length of the path described, and therefore we must have for 
the number of periods * : 

Bi=s oSTq * ^ (^»^) * 1 

so that die value of M must be which ‘must be a 

function of c. Now t is obviously independent of it j and if 
we neglect at present the very trifling effect at moderate in- 
cidences of the ordinary dispersive powers of the media ex- 
amined,* * is so also. It is therefore in the form of the ftmc- 
tion 4 (- 0 , tf) that we must look for the cause ofthe pheno- 
mena; » and since, we have f = 5 + s j, a a being the angle 
between the axes (because the observations are made in the 
principal section) we see that 4 ( 0 , 0 -f- * «) must involve c, 
and consequently, 0 being arbitrary and independent, a must 
be a function of c. In order then to render the theory Of 
alternations applicable, we must admit the angle between the 

• It Is easy to see that in the' two classes of crystals above described, the effects 
of the dispersive powers will he opposite to each other, in one opposing, and in the 
<xth$r with Ac ceases which produce the deviation of tints* Ip the 

Yfr Pfy 5^^ .^mial were observe^ almost at a. pecw 

pendicular incidence* the influence of the dispersive power is quite insensible. 
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mmct double ri^aciton to differ In thesame ^ystailbr 
the diflemptly coloured ray*. We i^*iO#dhO«Nil«l^ 
sopposition is sufficient «e represent <thf phenomena own 
redly.* * > * ** w ** A /( < » 

The eymmetry of the rings ami total evanescence erf odour 
in the principal section at an azimuth zero, requires that the 
axes of all the different colours shall be symmetrically ar- 
ranged* on either ode of 0 fixed line (which any be caHed 
the optic axis) in this plane, or in one perpendicular to it. At 
present we need only consider the former case. Let a repre- 
sent the angular distance of the axis for any one standard 
species of ray C (the extreme red, for instance ) from this 
line, a -f la, the same distance for any other ray. Then 
the distance of the transmitted ray C, from the axes of rays 
of that colour being 6,(f, the corresponding distances from 
their respective axes for rays of any other colour C' emerging 
in the same direction willbefl — Sa + S$ and S' -f- la >4- J S. 
If being the difference (=sp'_ p ) of the angles of refrac- 
tion, corresponding to the same incidence, for the colours 
C, C'. The positive values of S here reckon outward* from 
the pole; la is negative for crystals of the second class, 
and If is negative or positive according as C or C 7 is the less 
refrangible colour. 

Let us for a moment consider rays of only these two 
colours. The portion of the extraordinary pencil due to them 
will be . , 'i > 

The rays of these colours of the same order hi their reipedtfee 
series of rings will therefore coincide, and that in the proper 



which, since*, If, a, l a, are constant elements, $, ^ determinate 
functions of 0; and#3Hrf-f-a «, suffice* to determine W -: : :■ 
-'.•rlf-we soppose C and O' to represtgnt the extreme red and 
violet rays, it is evidenttihat the cornddenceof die extras 
onfinary pencils of the same order for these two extremes, 
will ensure diet of die intermediate ones, at least very nearly* 
It would do so precisely, were the value of £a for any inter- 
mediate ray, such a function of k as would result from mak- 
ing i constant hr the preceding equation, because the two 
laws, that of the dispersion of die axes, and that of the magni- 
tude of the rings of different colours, would then act in exact 
opposition to each other throughout their whole extent. It 
is^ in fact, a Case precisely analogous to that ofthe compound 
achromatic prism, where if the law of dispersion in the one 
medium were identical with that in the other, a perfectly 
colourless pencil would emerge, and when these laws differ, 
the Coincidence of the red and violet rays ensures an approxi- 
mate coincidence of all the rest. Should these laws however 


differ very considerably, an uncorrected colour will appear 
at the point so determined, and a nearer approximation will 
he obtained by uniting two of the more powerful intermediate 
rays, such as: for instance die mean red and the blue, or 
limit of the green and blue. ,i.i 


This then. is the aright. of the virtual poles or pomte be- 
yond, jpgsbefiween the axes where the tint rise* to a white of 
the fes^order, mmwfteridoss feeble* or eveh to an absolute 


Wack ; and we may now see the reason why the tints in 
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red coning from these points approximate in a generally 
to the Newtonian scale. In fact, the periods- of die mem 
refrangible liays being performed more ^apisHy- th*ii those of 
tile less, if we -suppose the coincidence SboVe spoken of to 
take plaoe at any point {th# minimuna for inattnce)^ of thfi 
# rt ring, the intervals between (the ti? . anti minimum 

wtil- be greatest for.the, red and, least for the violet, flfc. 
Consequently, when the violet next disappeitrs totally from 
the extraordinary pencil, there will remain yet a little, of the 
red, less of the orange, and; so on, and this difference in? 
creasing at every succeeding minimum on either, side, will 
produce a succession of colours approximating in a general 
way to Newton’s scale. This approximation will however 
be much less dose on the side of the virtual pole towards the 
nearest axis, because the disturbing influence of the separa- 
tion of the axes on the figure of the rings and the law of 
their successive intervals, is much more sensible than at a 
distance from the pole. This will be evident if we consider 
that in the interval between the extreme coloured axes, the 
tints will be regulated entirely by the law of their distribu- 
tion. Now this is perfectly corroborated by the succession of 
tints in the foregoing tables, as well as by numerous experi- 
ments made on other bodies. ' 

Our equation (A) gives room for a remark of some conse- 
quence, as it affords a striking verification of the theory here 
delivered. It will be observed that this equation does not 
involve t, and in consequence, the angle f determined from 
it, at which the coincidence takes place, is the same for all 
values of t, or for all thicknesses of the plate. The obser- 
vations of the tints in the tables given above, afford us ample 



means ofiputting thift remarkable consequence lot the test 
dfex'perimtent' ha Jack* In.the three serik* jof> tint# observed 
in sulphate of baryta,, the apparent ang^s between the axes 
for the mean red rap are respectively^* 0 of, 6*° a', and 6i° 
ggf, the’ mean of which is 6i* 5V * wHilethe apparent angles 
between the virtual, poles' in the same series are yw*^*?** 
36* , and 2**47^ The semi-excesses of the latter angles over 
the mean Value of the former, are the apparent angular 
distances of did virtual poles from the axes of mean red rays, 
ahd are respectively 5* *4', 5 0 19', $• 85', neither of which 
differs more titan 4/ from the mean. 

To ascertain the real value of 6, we have only to compute 
the angles of refraction. In the specimen employed, I found 
1*6475 for the (index of ordinary refraction, and the angles 
of incidence (the halves of the above angles ) being 30° 59' 
and 36° ag,p6° 18', 36° *4' ; the corresponding angles of rer 
fraction are 18* ia' 3o"(sa a), 21° 6' 10", 21 0 3' 40", 91* & 40"; 
and since 0«s*~- a in this case, we find for the values of 0, 
st° 53' 40'', a° 51' i°", 2 0 54' 10", the mean of winch gives a* 
53 # o" for the real angular distance of the virtual pole from 
the axis of mean red rays in sulphate of baryta. 

Again, in the series of tints, tables V, VI, VII, for Rochelle 
salt/the apparent angular distances of -the mean red axis 
from the virtual pole were ,1 

*77° 8'— «57° 35' = 19° 33' ; *8 i° 30' — 262° o' =ss 19 0 go', 
and 282° o' — *62° *5' = 19° 35' ‘ 

of which neither differs more than 3' from the mean 1 9* 33'. 

Dr, Brewster (Phil. Trans. 1814, p. 216) has stated the 
refractive index of this salt at 1*515 ; but this is certainly a 
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^k^kfitrge. Moat experiments made it distant intervals 

*, 1 - v *>'■ * - <i{ <h& k 

'*< ' t Vv " 1 (, :*rVv^>‘ * 1 * 40 %$^ ' *- v l? 

for the Index for the Mean yellow-green rsfys, of which de* 
terminations the last is to be preferred, having been made 
with greet care. The same experiment gave ft* 

the index for mean red rays. The apparent angular distance 
of the axis for red rays from the perpendicular was iff, 
Which leaves g°33' for the angular distance of the virtual pole 
from the perpendicular. These angles of incidence corres- 
pond to the respective angles of refraction io° 38' ao ff and 
s° as' 40", of which the sum 13° 1' is the real angle between 
the virtual pole and mean red axis in Rochelle salt The 
series in table IV, gives 13* a' *5* for the value of t, which 
agrees completely with die foregoing determination. 

I took seven plates of nitre of various thicknesses, and cut 
ftt»m different crystals,, and by a mode of observation to be 
described hereafter, found as follows : 


Table VIII. 











crystallized bodies on homogeneous light. 73 

Although the constancy of the , position of the virtual pole 
for t diflenent thicknesses , ie sufficiently made out here, the 
small differences which exist are certainly not attributable to 
errors of observation, which, in the method I employed, are 
usually confined within much narrower limits. They are 
due to minute irregularities in the crystals themselves, con- 
sisting, probably, in a state of imperfect equilibrium of the 
molecular forces of aggregation, to which this salt is so sub- 
ject, that it is rather rare to find a specimen in which the rings 
beyond both poles have exactly the same breadth or tints. 

Art. IV. Of the tints developed by crystals with two axes out of 
the principal section. 

If we place a crystallized plate at an azimuth zero in a 
tourmaline apparatus, having the axes of the tourmalines at 
right angles, we shall observe, if its thickness be at all con- 
siderable, that the two oval spots on either side the axis of 
symmetry (which is now perfectly black) instead of being 
exactly regular in their figure, as in Fig. a. PI. V, and tinged 
with colours symmetrically disposed on either side of a line 
m n perpendicular to the principal section, are invariably 
coloured at one extremity r with a strong prismatic red hue, 
and drawn out at the other v into more or less elongated and 
tapering spectra or tails of blue and violet light. The ex- 
tremities r, r of the rings too have a large excess of the red 
rays, and the opposite v, v of the violet rays. In crystals 
of the first class above described, the red extremity is turned 
towards the other pole, while in those of the second it is 
directed from it. If we subject a plate of Rochelle salt to 

mdcccxx. L 
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tWs eXateinatidn, die ovals «, ie.ere drater* oti* te a surprising 

with great vividness of Colour, while the’ of 
the rings are greatly elongated also, anti appear to : rurr into 
one another. If the plate bis turned round m acimuth; the 
phenomena assume the most singular appearances of distor- 
tion ; and as the rotation approaches to 45 0 , the" rings Ht die 
vicinity of the pole are gradually obliterated by their mtttoal 
overlapping, which is the greater the thicker the plate. In 
all situations, however, the interposition of a red or dark 
green glass immediately restores the perfect symmetry and 
regularity of the rings, which are then seen in much greater 
number, and completely well defined. 

All this is the necessary consequence of the want of Coinci- 
dence of the axes for different colours. The lateral spots, 
for example, are formed for each homogeneous colour with 
perfect regularity close to their corresponding pole, and re- 
gularly decreasing in size from the red to the violet. Their 
arrangement will therefore be as represented in Fig. 3, Pl.V, 
R, O, Y, &c. being the poles corresponding to the several 
colours red, orange, &c. The oval spots composed of red 
rays being represented by r, r, those of the other colours 
will be super-imposed oft them in their order, overlapping, as 
represented by the dotted ovals 00, yy, See. like the circular 
coloured images of the sun in the spectrum of an ordinary 
prism, giving rise to the long prismatic tails above described. 
Similar considerations will apply- to the anomalous appear- 
ances presented by the rings of all the other orders and in 
every situation. 
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\ Tl»» suggests &ye*ysimple wwi pfea^gexperiment, 
wk<^ tiS^4» «n ocular demonstration of the adequacy of 
th* explanation I have advanced. Let a plate of Rochelle 
salt he placed in a tourmaline apparatus in any azimuth (45° 
is the most .convenient) and firmly fixed on a proper stand 
in. a dark room- The eye being now applied, let an assistant 
illuminate the emeried glass or lens of short focus* which 
disperses the light previous to its incidence on the first tour- 
maline, with the several colours of the prismatic spectrum in 
succession, beginning with the red. The rings will then be 
seen formed successively of each of the colours, perfectly 
regular in their figure, but contracting rapidly in dimension 
as they become illuminated with the more refrangible rays.-f- 
At the same time the pole about which they form will be seen 
to move regularly in the direction of the other axis of the 
crystal, and if we pass alternately from a red to a vblet illu- 
mination, will shift its position accordingly, backwards and 
forwards through a very considerable angle. If rays of two 
colours be thrown at once on the apparatus, their two corres- 
ponding sets of rings will be seen at once, crossing, but not 
obliterating one another, and the distance between their re- 
spective centres will be observed to increase with the difference 
of their colours. 

By measuring the interval occupied by the projections of 

• See the description of a n apparatus of this kind, subjoined. 

+ See Lcctiones Optica, lib. ii. Pars. i. Obs. xfii. from which the idea of this 
experiment is taken. “ Magnkque voluptate perfusus” says Newton, with the 
enthusiasm of the true philosopher who loves the field he labours in, u videbam 
c m diiatare aut contrahcre se gradatim pro eo ac color iuminis immutabatur.” 
It is impossible to witness the yery beautiful phenomenon described in the text 
without entering into the same train of feeling. 
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the centres of the last visible red and violet rings, as well as 
those of the intermediate colours, on a screen at a known 
distance seen with the other eye, I found the following values 
of the apparent and real separation of the several coloured 
axes : 

Between Apparent interval Real Interval. 


Red and orange 

• • 

037 very uncertain 

• it 

0*5 

Yellow 

1 50 rather uncertain 

1 13 

Green 

3 48 D°- 

s *9 

Blue 

6 5 

4 3 

Indigo 

8 19 

333 

Violet 

9 40 

631 


As a inode of measurement this method is very inaccurate, 
especially in the extreme red and violet rays, both of which 
would be copiously, and indeed almost entirely absorbed in 
their passage through two plates of tourmaline of a yellowish- 
green colour. Much more exact and unexceptionable mea- 
sures will be presently given, but these are quite sufficient to 
establish the reality of the phenomenal described. 

V. Of a secondary cause of the deviation of tints, subsisting in 
certain crystals, and of the anomalous tints of the apophyllite. 

To determine the dispersive power of any medium, and obtain 
some rough knowledge of its law, we make a prism of it act 
in opposition to one of a standard substance. To ascertain 
the total dispersion of the axes of a crystal, or the angle by 
which the extreme red and violet axes differ, we may make 
it act against itself. Since the violet rings are more elevated 
by refraction than the red, from the situation in which they 
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wotiM^jiti^ plate may 

taoMtiiti^eiit&t wicha dh^<^n as tomaketheir apparent 
in* which >case thetiBtS kamediateiyabout 
the peks will oomdde with Newton's Scale, and the extra* 
ordinary image will totally disappear in die pole at an azi- 
xsuth 45 °. This condition gives $ ss o, 6 — Sa -4- J<p=eso, 
whence (supposing R, R' tile indices of refraction for extreme 
red and violet rays and JR = R r — R) we find 
Jaso#^ sas- 7 -^. tan ^ 

The angle <p however becomes imaginary, and this method, in 
consequence, inapplicable when the separation of the extreme 
axes (fa) is greater than the maximum dispersion of the co- 
lours of an intromitted white ray, that is, when 


fa >- 




ayS*=i 

Let us resume our equation (b), and supposing the form of 
the function >|/, and the constants a, k, if, R and JR ascer- 
tained, let the angle 6, at which the coincidence takes place 
be observed, and the value of J a will then become known. 
If we suppose it small, which it is in the generality of crys- 
tals, we get 

sin ** , H“ Jf + Tt} 


fa i 


*7F 3T 


(*) 


(ik being put for (#,#') for the sake of brevity). At inci- 
dences nearly perpendicular, f<p may be neglected, and the 
expression reduces itself to 

. (d) 

d 0* ~ d $ 

Tlie comparison of these formulas with observation, which 


7 % 





faiaow ttefonrtfiafjtbe funotio«>TMn<l-tl** 


atiapm to sd««rmifte thegeftewtf* e^eMi^^^^wchjrpi^tic 
ltees;!ln*orde^thi3^fv^«^^!$ep4ra^i«iiW,<||^jtbe^wpf 
the^eifitoralthatSqfits intensity^ Th^lattee 4fpen«fc jenttreJy 
orcttegreatre>oriesa fecHkylwhieh tbe.«ra^^myM9rii( 
penetrating thfepfrism df Icelander employed {^-iisa^alyaU, 
and will not enter into the present investigation. When we 
{examine a crystallized plate in a convenient graduated appa- 
ratus, between tourmaline plates crossed at right angles, turn- 
ing it? slowly round between them in its own, plane, the form 
of the coloured bands, if illuminated with homogeneous light, 
will remain perfectly unchanged during the rotation, but the 
two black hyperbolic branches passing through the poles, 
willbbliteraitein succession every part of their periphery ; 
arid thfe space over which the darkness extends*' as v8eU, as 
the degree W' illumination of what remains visible, varying 
•tft every instant, give rise to so greata variety of appearances, 
that some little attention is required to recognize this perfect 
identity of figure. When the tourmaline nexttfie eye is 
made to revolve, the crystallized plate remaining fixed, the 
complicated change which take pla c e , arc pe rfectly recon- 
cilable with the superposition of the primary on its comple- 
mentary set of rings, the relative 'inteiisitfesofthetwd sets 
at any point bang regulated by laws we have no occasion to 
consider at present, but the figure of the iabchromatic lines, 
where visible, remains absolutely unchanged by any rotation 
in this part of the apparatus. 

To form a first hypothesis on the nature of the function 


wMich ! ^ gi lr tt ifai «>^te ^teateadf any«*e>of ■ thaweeiuwa, w»: 
mU8flw tet>t>* (ayxtiffoirfhere die ^^it^©f5^^eiR:atad 

i arte' Bach, a* torfering the 
whtflte syaftttd'tef 'ring* wfehbi va : very small n^rbrwnpanrs 
aa* '^y^is means 'We aVoid almost entirely the; disturbing 
effete Of the vadatkHri : in thickness, arising irom obliquity 
of incidence: Dr. Rt£vnsr£k,^i Ids Paper of*8*8, has chosen 
nitre, as' affor^ng die best general view erf 1 the 'phenomena, 
and ftisadmirably adapted for this purpose ; the whole sys- 
tem of rings being comprised at a very moderate thickness 
withal a space Of 10®, allowing Us to regard their projection 
on a 'plane perpendicular to the optic axisas a true represen- 
tation of their figure, undistorted by refraction at die sur- 
face, &c. If We examine the rings in this crystal {illuminated 
with homogeneous light, or by the intervention of a red glass 
in common day-light) it will be evident that the general 
form of any one of them is a re-entering symmetrical oval, 
which no straight line can ciit in more than four points, and 
which, by a variation of some constant- parameter, is in one 
state wholly concave, as 1 (Fig. 4. Plate V,) then becomes 
flattened, as 9 ; then acquires a mihimum ordinate and points 
of contrary flexure, as 3 ; then a node, as 4 ; after Which it 
separates into two conjugate ovals, as 5 ; which ultimately 
contract themselves into the poles F, P' as conjugate points. 
The general idea bears a striking resemblance to the vari- 
ation in form of die curve of the fourth order, so 'well known 
to geometers under the nameof the lemniscate, whose equa- 
tion is • •: - 

(•*4-/+ s‘) 4 — a' (i*+4 x“) 

when the parameter ^gradually diminishes from infinity to 
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ie&j ae being the constant distance b«twea»the|x>l«*i In 
dido*, however, to put this to a satisfactory • examtaatian, 
accurate measures must betaken, which, in the easeafnitre, 
from theminuteness of the system of riagfc presented at first 
some difficulties. These I obviated, after many fruitless 
trials, bya mode of observation which! ha we found extremely 
convenient and accurate, and which applies patticularlyweil 
to the present purpose. It consists in projectfngdwriBg* by 
solar lighten a screen in a darkened room, by which means 
they may be magnified to any required extent, examined at 
perfect leisure, and in all their phases, and measured or 
traced with a pencil with the utmost exactness and facility. 
They may be thus exhibited too to a number of spectators at 
once; a thing which may prove serviceable to the Lecturer, 
for which reason I have subjoined to this paper a brief descrip- 
tion of the apparatus I employ. » 

Having cut a very perfect crystal of nitre at rightangles 
to its axis of crystallization, and adjusted it properly on this 
apparatus, the rings were projected on a large sheet of paper, 
stretched, while moist, on a drawing board, by which means 
it assumes a truly plane surface by the contraction it under- 
goes while drying. The poles were then marked, and the 
4 loci of the successive maxima for red rays carefully out- 
lined. The screen being then removed, a series of lem- 
niscates were laid down by points, having the same poles 
and one common point in each, chosen where the tint was 
most decided. It is unnecessary to give any comparative 
statement of measures in the observed and constructed curves, 
as the points, graphically laid down, uniformly fell on the 
pencilled outlines, or, in the few instances to the contrary, 



withinhn^leaa than the very trifling irregularities of the 

» *.■% >: r. *- 

• Tfaegraphical construction of these curves is rendered 
extremely easy by the elegant and well-known property of 
thelemniscate, in whichtbe rectangle unde? two hoes driW 11 
fp<m die foci (or poles) to any point in the periphery, is ipvi^ 
viable throughout the whole extent of the curve* This is 
easily shown .from its equation, and the value of this constant 
rectanglejn any one curve is expressed by ah. , 

.We must next enquire how the constant parameter b varies 
in .passing from ring to ring. To this end 1 projected the 
rings, illuminated by red light only, on a screen as before, 
and having outlined the successive loci of the minima of 
illumination, and laid down the poles, found the values of a b 
in the several lemniscates, as in the following table : 


Order of 
the raid* 
mum. 

Observed 
values of a b 
in square 
inches. 

1 

Differences. 

Values 0 tab 
computed from 
formula a b s. 
i*59X»i 

Excess of computed 
above observed 
values of a b 

(ISO 

0*00 


0*00 

0 00 

i 

1-6* 

i»6* 

1*59 

— 0 03 

* 

3'i«S 

**545 

318 


3 

4 

£ 6 9 

6**7 

r*i 

9*$6 

»‘5*S 

rj* 

m 

■BKSy 


1*60 

7*95 

9*54 


6 

1*69 

— 0*0* 

l 

11*09 

*53 

ii*i3 

+ 0*04 

* 8 

1*77 

1*68 

1**7 * 

—•0*05 

9 

, 4*33 

1*56 

14*31 

— 0*0* 

JO 

1 5*93 

1*60 

Mean 1*50 | 

15*90 

— 0*03 


The nature of the illumination not allowing the delineation 
to be performed with the same freedom and precision as in a 
fuller light, the values of a b in the second column are the 
means of a great number of measures, taken in every part 
mdcccxx. M 








8* Mr, J, F. W.'Hrauiaasat mt&e mtim tf 


of their respective curves. 'Hit numbers to the gt h column 


exhibit the excesses of the terms of the arithmetical pnogr e e- 
sfaninthe 4th (whoaecommon difference ie i'59,themean 
of all the diffidences in the third pdonn) above the o bserved 
values of a b, and are so small as fully to authorize thecon- 


clusion, that these values, and of course those of the para- 
meter b, increase in arithmetical progression with the order 
of the rings ; or in other words, that the number of periods 
performed in a given space (=1) by a luminous molecule 
going to form any point M in the projection of any ring, is 
proportional to the rectangle of the distances P M, P M of 
that point from the two poles. 

Now, if we extend our views to crystals in which the dis- 
tance between the axes is considerable, we may reasonably 
expect that the usual transition which takes place in analytical 
formulas from the arc to its sine, when we pass from a plane 
to a spherical surface, will hold good. If this be the case, we 
shall have at once, and in all cases 

4/ (6, 0 ') ss sin 9 . sin V 

and the nature of the isochronaatic curve for the n* com- 
plete period will be expressed by the equation 

sinf. sint'=yj • cos <p =s » A . cos p (e) 


putting A for yj • If the plate be cut at right angles to the 
optic axis 

cos 9: 


cot A -f cot V 


I.0O8I 


and consequently 

sin » . sin f = (cos « + cos r) ; (f) 


To put this to the trial, 1 took a plate of mica, whose thick- 
ness measured 0 093078 inch, and having adjusted it accu- 
rately on a divided apparatus, placed it in an azimuth 43°, 



crytt&mdUdw* mhemogeneout light. Sg 

and, by tbe intervention of the red glass tbm mentioned, 
observed the nttim end minima of the extraordinary pencil 
between tite poles. As these observations, when repeated, 
seldom agreed unless Within a few minutes, ten were token 
of each maximum and minimum. The angles of incidence, 
deduced from a mean of similar observation? on each side of 
the perpendicular, are Set down in the ad column of the 
fallowing table, each number in which is therefore a mean 
result of so observations. The ist column contains the va- 
lues of it, or the order of the ring observed ; the 3d, the angles 
of refraction, to obtain which I used the index 1*500, em- 
ployed by M. Biot.* The 4th and 5th columns contain the 
values of t, V thence computed, and the 6th, values of the 
coefficient h, deduced from the formula h = ,u> ~ 

* SC . rnm A 


In* 

Table X. Mica . Thickness— Q-o2goj8, 


Values 
of n 

Angles of 
Iscwmw. 

Angles of 
Remmtma. 

Vatnsi offi. 

Values of g' 

222 

Pvoessas above! 
ftean. 

O 

o’S 

u 

2 

**5 

3 

3*5 

4 

0 / w 

33 3 3 * 
3 * 55 *0 
3 * 34 < 4 ° 
*8 15 40 

*5 34 *0 
as 46 so 

«9 35 4 ® 
«s 4 * 40 
i* 48 50 

I mm 

0 t // 

0 0 o 

1 16 so 
a 41 30 

4 7 0 

5 47 30 
7 33 45 
9 35 50 
12 j 10 

15 *9 S® 

0 / // 

45 * 0 
43 45 40 
4a 20 30 
40 55 0 
39 *4 30 
37 *8 15 
35 26 10 
3 * S* 50 
*9 42 10 

: 

H| 

— 0-000193 
4- 0*000475 

— 0*000112 
4*0*000x80 
•f 0*000001 

— 0*000089 
— .0*0001x1 
—0*000137 

0-033147 


* Recherches sur ies Mouvemen* des Molecules de la lumiere, Ac. p. 48a, He 
tabes it equal to that of glass—" ce qui ne doit pas etre fort eloigne de la vetite- M I 
hare attempted, without success, to measure its value. What has satisfied M. Biot 
and Dr. Biiwstxr (for the latter has evidently used this index, or one very near it, 
PhU. Trans. 1818, p. *30) ought to satisfy every one: yet It is fortunate that in 
the present instance, a slight variation in the refractive index will proluce but a very 
trifling change in the rdativ* values of b* 
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* fbe lm$t colunin of this tsWe eJchlMtS tlwd^atkmrm 
ewoess ordefectOf the valueffOfthe quantity A, so computed 
from the mean of all of them. Their smallness. In cdraparilftM 
with the quantity itself, and their altemations of sigh, are 
evident proofs of the constancy of this coefficient, and we are 
therefore authorized to take sin 0 x sin V as the general value 
of ( 0 , O* The observations on Rochelle salt, presently 
to be noticed, confirm this law.* If we denote by / the mini- 
mum length of a double oscillation, or the space passed over 
during one complete period by a ray transmitted at right 
angles to both axes, we have A = -£- * an< * consequently As«-^, 
/== k fj. If we substitute for A and t their values above found, 
we obtain 

/= 0 00076497 inch 

for the minimum length of a period performed by a mean red 
ray in mica, 

* When 0~9', as in crystals with one axis, wc have 4 =s sin 9% a result 
long since confirmed by the accurate experiments of Brewster and Bjot. The 
velocity of the extraordinary ray in such crystals is given by the formula p*s=zV M -f- 
a , sin® 1 . Following this analogy, we may conclude that in crystals with two axes 
we should have o’ss V*-f « . sin 9 . si n Now this is precisely the expression at 
which M. Biot has recently arrived. This very simple and elegant result was 
communicated to me by that eminent philosopher in the spring of this year, and 
subsequently in a letter of the ad May. His Memoir on the subject, which appears 
(by the Atm.de Chim.) to have been read to the Institute in April, I have not seen, 
nor do 1 know by what precise steps he was led to it, but presume it must have 
been by some considerations of the nature above described. In the foregoing investi- 
gation of the law of periodicity, I beg leave therefore to disclaim all intention of 
arrogating to myself any share in this beautiful discovery, but have thought it ne- 
cessary to state the steps in the text, in order to demonstrate a truth essential to the 
investigations to follow, which could not have been taken for granted, or deduced by 
any legitimate reasoning, independent of experiment, from the equation v* ssV* 4 
« • tin 9 . sin 9 / , by reason of our ignorance of the nature and inode of action Of the 
polarising forces ; and, have purposely abstained from entering any farther into the 
general laws ofxlouble refraction and polarisation than I could possibly avoid. 
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Returning our general equations (b) and (d) if we sub- 
stitute the value now determined far 4 >, and write-p for p we 
have 

l’. cos <p'. sin 5 . sin O' = / . cos <p . sin ( 0 £ 4 . 4 * Sp). 

- * sin ( 0*+ J « -f- J <p ) ; (g) 

whence it is easy to derive (independent of any approximation) 
cose (« + i<*)s=cos« *y -~l£ • sin # . sin V ; (h ) 

while our approximate equation (d) furnishes the following 
very convenient formula for incidences nearly perpendicular 
sin topics:. (i) 

The simplest supposition we can frame relative to the va- 
lues of the constant elements /, l' is their proportionality to 
those of c, c', or the lengths of the fits of easy reflection and 
transmission. This cannot certainly be far from the truth in 
crystals with one axis, in which the coincidence of the tints, 
with those of Newton's scale, is for the most part exact. In 
sulphate of lime too, and mica, the only crystals with two axes 
which have been examined with sufficient exactness, and under 
the proper circumstances for ascertaining this important point, 
the law of proportionality seems to be sustained with great 
precision. This may seem to authorize the general conclu- 
sion, that in all cases, -^7 r=~ Let us see how this agrees 
with the measures given in the former part of this paper. 

In sulphate of baryta, if we take Dr. Brewster's measure 
of the dispersive power,* we have £R = 0-019, and conse- 
quently, calculating on the data determined in page 71, we 
must have, at the virtual pole, 


(p SB 21° 5* 30" <t>' 


i so 0 50' 30" 


f — — 15 . 

Now, if we suppose /ssa 6*34,63 V— 3-9982, the values of c 
* \ R ss o*oi 9, Treatise on new Philosophical Instruments. 



$6 m J. r. W. HsftftCKEL to the action of 

alld t? respectively for the extreme red and violet *»y»,* we 
dull find by substitution in our formula (A) 

fasss gi 1 10° - 

But a red ray penetrating the surface front within the crystal 
at an angle a =i8°ia' 30", and a violet one at an angle a 4* 
S*smi<f g' 40", would emerge at the respective angles go “ggf 
and 3*°58' to", and would include between diem ait angle of 
1*39' so 4 , which should be the apparent separation of die red 
and violet axes in the plate employed. Now, previous to 
the computation of this result, I had carefully measured this 
angle, by observing the incidences at which the extreme red 
and violet rays of the prismatic spectrum, received on the 
reflector of a graduated apparatus, respectively disappeared 
from the extraordinary image at the poles P, P. I thus found 
Interval of the poles P, P for red rays - 6a* *' 

Do. for violet - - 66* $' 

Semi-difference, or apparent separation of the axes a* 1' 30" 
which differs from its computed value only by a* 10". We 
may therefore fairly conclude, that in the case of sulphate of 
baryta, the hypothesis y.= y does not deviate sensibly from 
the truth. 

If we apply our formula (i) to the measures above given 
for Rochelle salt, the result will be widely different. The 
same supposition as to the values of /, V being made, we get 

fa =s 4 0 a' 50" 

The incidence being nearly perpendicular, and the angle small, 
we need only increase it in the proportion 1*499 : i,to have 
the apparent angle, which thus comes out 6° 4'. We have 
already found 9 0 46' for the same angle, by a method which 

* Biot, Tnite de Physique. Vol. IV. 
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must norw s Mj rily give a result much below the truth. This 
difference is by far too great to arise from any errors ofob- 
servation ; but to obtain more exact measures, I took several 
times the apparent angular separation of the axis of each 
colour from that of the extreme red by the direct homoge- 
neous light of a sunbeam, separated by the prism, and re- 
ceived on the reflector of a divided apparatus, when, after 
the proper reductions for refraction and dispersion, the results 
were as follow : 


Colour. 

MX 

8 ml » 

separation 

Vaises of 

9 a* 

radons. 

Extreme Red. 

0 / 

O 0 

e / 

• / 

75 4* 

*3 

Mean Red. 

* 33 

I S 

73 

n 

Do. Orange. 
Do. Yellow. 

* 37 

* 44 

72 14 

4 o' 

a 40 

70 SJ 

so 

Green. 

VI 

3 5* 

67 57 

16 

Blue. 

5 21 

6$ 0 

is 

Indigo. 

10 21 

6 54 

61 54 

33 

Indigo Violet. 

11 17 

7 3i 

60 40 

s 

Mean Violet. 

13 5* 

9 »7 

S7 « 

s 

Extreme Violet. 

15 *3 

10 14 


1 8 


Though the total separation of the red and violet axes in 
this table so far exceeds what we had before estimated it at, 
I am fully satisfied that it is no way exaggerated, but rather 
falls short of the truth. It is very practicable, by combina- 
tions of coloured glasses, liquids, &c. to insulate either ex- 
tremity of the spectrum in a state of the most absolute purity. 
In this climate, the dispersed light of the sky in the neigh- 
bourhood of the sun, which always mixes with the prismatic 
beam, is so considerable as to obliterate the feeble rays which 
compose the two extremities of the spectrum, and it is only 
by interposing such combinations between the eye and the 
Iceland crystal used to analyze the polarised ray, that they 
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can be examined with any certainty. The combination I 
employed for the extreme red was such, that when the 
whole spectrum thrown on a white screen was viewed through 
it, it was seen reduced to a perfectly circular, well defined, 
deep red image, whose centre fell on the very farthest termi- 
nation of the red as seed by the naked eye, and whose cir- 
cumference attained, or perhaps surpassed the point where 
the maximum of the calorific rays has been supposed to be 
situated. In like manner, when the same spectrum was ex- 
amined with the violet combination, a very slightly elongated 
violet image became perceptible, but every trace of the indigo, 
and the brighter portion of the violet rays was extinguished. 
For observations on the indigo, and all the more refrangible 
portion, I employed similar artifices, without which I found 
it perfectly impracticable to obtain any regular and com- 
parable results. 

The coefficient in our formula being the only part not 
immediately deduced from observation, it is evident that the 
assumption y =y must be widely erroneous in the present 
instance, and it therefore becomes necessary to ascertain the 
values of / by direct measures. This is rendered easy by 

the equation (e) which gives 

• - sinfi.sinfi' 

/ ss t* • 

n. cos f 

We have only therefore to observe the inclinations of a plate 
of known thickness, properly cut and adjusted to 45° azimuth, 
which correspond to the alternate disappearances of the or- 
dinary and extraordinary images, at which points the values 
Of n are £,£,£,£, &c; computing then the values of I,.#', 
and <p, and substituting, we get the values of /, without 
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detailing particular experiments. The following table ex- 
presses the final result of a great number of such measures. 


Colour. 

Value* of l in 
inches. 

Number of 
Observation*. 

Extreme Red. 

0*0056158 

<4 

Mean Red. 

0*0050033 

»4 

Mean Orange. 

0*0045853 

*4 

Mean Yellow. 

0*0040583 

S* 

Mean Green. 

0*0036519 

62 

Mean Blue. 

0*0033863 

22 

Mean Indigo. 

0*0029868 

5 * 

Extreme Violet. 

0*0035093 

49 


The observations from which this table was calculated, were 
made indiscriminately on the maxima and minima of all or- 
ders. Those of different orders were of course computed se- 
parately, and found to agree without exception in giving the 
same values of l within limits of error less than those to which 
the observations are liable ; thus affording another proof of 
the exactness of the law of periodicity above employed. 
Now, if we compare these, one with another, and with those 
of c as deduced by M. Biot from Njewton's observations, we 
shall have as follows : 


Colour. 

Value* of Jl 
l 

Value, of JL 
c 

Extreme Red. 
Mean Red. 

Mean Orange. 
Mean Yellow. 
Mean Green. 
Mean Blue. 

Mean Indigo. 
Extreme Violet. 

1*00000 
o* 80093 
0*81659 
073366 
0*65082 
0*58520 
0*53156 
0*44684 

rooooo 

0*96215 

0 90490 
0*85550 
0*79433 
073725 
0*69641 

0 63000 


It appears from this comparative statement, that the forces 
of polarisation and double refraction in the body now ex- 
amined, act with much greater proportional energy on the 
more refrangible rays than in mica, sulphate of lime, and 
MDCCCXX. N 
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other similar bodies, and consequently that, even were its 
axes coincident, its tints, though perfectly regular, would 
still differ very sensibly from the colours of thin plates. This 
secondary cause of deviation ought to becotne sensible in 
plates cut so as to contain both axes, if exatiiined at a per- 
pendicular incidence ; but I have not yet had an opportunity 
of making the trial. 

If we calculate on the numbers above given, it will soon 
appear that a perfect coincidence! of all the colours in a single 
virtual pole is impossible. For this purpose we may employ 
our equation (/) which easily affords the following 
cos s (<* -f- 9 ) r= cos s a £ i -j- • tan a a . sin ( — J«) } 

_ cot * a 

taking M an auxiliary angle such that 

tan M ss* v/ a . tan s a . ~—p- ■ sin ( — $ a) 

whence the value of # or the position of the coincidence of 
any two coloured rays' becomes known, the values of/,/', 
and — S a being giveji from the foregoing tables. If we 
unite the mean red with the mean green, these formulae give 
» = — 1 1® *9', and if with the mean blue, » = — 14,° 8', of 
which the one falls short Of, and the other exceeds the angle 
— * 3 ° 1' given by observation. If we determine by inter- 
polation the values of /' and — la , which give 6 = 13V, 

we shall find very nearly 
* — 34581 — *a= 3 e 37 ' — 

which correspond to a blue ray strongly inclining to green, 
and in the brightest part of the colour. Now it is evident 
that when a rigorous union of all the rays in the proportion 
Jn which they exist in white light, is impossible, that of the 
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strongest and brightest colours in opposition to each other 
will at least ensure the nearest approach to a virtual pole on 
the principles above demonstrated, and a white will thus be 
produced, not indeed mathematically perfect, but containing 
no marked exress of any of the more powerful colours. 

The apopliyllite is the only crystal with one axis whose 
tints exhibit a sensible deviation from the scale of Newton. 
Its phenomena, however, are entirely independent of the first 
and principal cause which produces the deviation in crystals 
with two axes, via. the separation of the axes of differently 
coloured rays, and are referable solely to the secondary and 
subordinate cause, of which Rochelle salt has just afforded an 
example, viz. a peculiarity in the law which regulates the 
lengths of the minimum oscillations of the differently coloured 
rays within the medium. 

l. The tints of the apophyllite commence at the centre of 
the rings and increase in regular progression outwards, fol- 
lowing the same order, whatever be the thickness of the plate. 

It follows from this, that the multiplier M in our general 
formula, (a) is the same for all the coloured rays, being zero 
at the commencement of the scale ; and hence it follows, as . 
a necessary consequence, that the axes of all the colours are 
united in one, and the virtual and actual poles coincide with 
each other and with the centre. Did any sensible separation 
of the axes exist, it must become perceptible by the ellipticity 
of the rings when examined with homogeneous light of that 
colour from which they are farthest asunder ; but with the 
greatest attention, in plates of considerable thickness, I have 
not been able to observe the slightest shifting of the axis, or 
deviation from the circular figure, in passing from a red to a 
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violet illumination. Moreover, it is evident from the preceding 
theory, that any difference which may exist in their position, 
if too small to be sensible to the eye, can produce only an 
imperceptible deviation of tints. In fact, if we suppose a*=o 
for any colour, we get, for the position of the virtual pole, 



6 being the angular distance of the point of coincidence from 
the single axis of that colour. It is, consequently, insensible 
when Sa is so. Now, the polarising force of the apophyllite 
being very feeble, the diameters of the rings in any plate of 
moderate thickness must so far exceed this very minute quan- 
tity, that the virtual poles, did any exist, must fall within the 
limit of the central blackness ; the Newtonian scale would 
still appear to commence from the centre, nor could any sen- 
sible deviation from it arise from this cause. 

#. When the prismatic spectrum is passed over an appa- 
ratus containing a plate of this mineral, no perceptible change 
in the magnitudes of the rings for different colours takes place. 
Hence it appears that the value of the function l for all the 
coloured rays is nearly alike. By measures taken on a 
divided apparatus, a slight difference is observed. Taking 
the mean refractive index R at 1*5431 (by a very careful 
measure) and the dispersion JR at 0 017, the formula 
/ — t • — — 1 . sin 6 . tan 6 

n. cos p n 

gave as follows : 

Extreme Red. / rz 0*0093066 

Mean Red. 0*0092810 

Mean Orange. 0*0092337 

Mean Yellow. 0 0091503 

Mean Green. 0*0090643 

Mean Blue. ©'0092059 

Mean Indigo. 0*0093904 

Extreme Violet. o*o 100660 ? 




In the colours of thin plates and others of the like composi* 
tion, the difference in the lengths of the periods of the different 
rays is so considerable, that after seven or eight alternations 
of colour the rings confound one another, and are blended 
into a uniform whiteness. Were the periods more nearly 
equal, a greater number of rings should be visible, and were 
they strictly so, the succession of alternate whiteness and 
blackness should be continued to infinity. As the values of 
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l, F, &c. in the apophyllite approximate pretty closely to 
this limit, we should expect to see a much greater number of 
rings, and this I find to be really the case. By enclosing 
a thick plate in balsam of copaiba in a proper apparatus to 
increase the range of incidence, I have counted as far as the 
95th order, when I desisted ; not from any want of alternate 
colours, but owing to their extreme closeness, which rendered 
it, impossible to number them distinctly. Indeed I have no 
doubt, that could a very thick and limpid specimen be pro- 
cured, hundreds might be seen without artificial aid. 

In two instances then, at least, and probably in many more, 
or perhaps to a certain small degree in all cases, the minimum 
lengths of the periods deviate in their respective propor- 
tions from those of the fits of easy transmission and reflec- 
tion ; a circumstance which of itself is sufficient to prove 
the independence of the causes of these laws of periodicity. 
If we take Rr = R A, Fig. 5, PI. V. and construct a curv<e 
whose abscissas A P are the values of c, c', &c. and ordinates 
those of /, l', &c. the straight line royg biv inclined at 45 0 to 
A R will represent the locus for crystals, such as carbonate 
of lime, in which the periods follow the Newtonian law, 
r’o'yg'b'i'v' will represent the same locus for tartrate of soda 
and potash, while r J, o"y"g"b , 'i' , v" is the curve similarly traced 
for apophyllite.* 

• Having communicated to Dr. Briwstbr my observation* on the deviation of 
tints, and the conclusion I had thence deduced as to the separation of the axes of the 
differently coloured rays* I received in answer a letter* from which* in justice to that 
indefatigable observer* I subjoin the following extracts. 

" My Sir, Esk Hill * by Rodin Laswade * Sept. iS, 1819. 

“ In consequence of having been some time from home* I have only now received 
your letter* and hasten to reply to that part of it in which you request me to state 
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whit result! I hid obtained respecting the dtrittbn of the tints front' N swoon *t 
scale. The following general points will enable you to judge of the progress which I 
had made in the enquiry. ■ 

«« 1, In almost all crystals with two axes there is a deviation from the tints of 
N« w tow's scale* ■ «* 

4 * a. This deviation is greater in some crystals than in others, being a maximum in 
acetate of lead and tartrate of potash and soda. 

<< 3. That all these crystals may be divided into two classes, viz. those Which 
have the rsd ends of the ring! inwards and the blue ends outwards, and those which 
have the red ends outwards and the blue ends inwards. 

u 4. That in ail crystals with two axes, the doubly refracting force of one xnfr in 
general acts differently upon the differently coloured rays from the doubly refracting 
force of the second axis. 

,f 5. That as the polarising force is always proportional to the force of double 
refraction, the polarising force of one axis will act differently on the differently 
•coloured rays from the polarising force of the other axis. 

" 6 . 

“ 7. The consequence of this is, that there will be different resultant axes, or dif- 
ferent points of compensation for the differently coloured rays. 

“ 8. All these effects may be calculated with the utmost accuracy, if the ratio of 
the dispersive powers of the two extraordinary refractive forces is given, or vice vend , 
the dispersive powers may be obtained from the angles of the resultant axes for the 
red and violet rays of the spectrum. 

" 9. I have found crystals in which these phenomena are decidedly connected 
with the rotatory phenomena 5 and from this highly important fact I am led to 
conclude, that both have the same origin, and that aH the rotatory phenomena are, 
as I have stated in my paper, the result of the uncompensated tints of two axes, 
equal for the mean ray, but unequal for all the rest. (Here follows an illustration 
by a diaphragm,) 

*• 10. The division into two classes in § iii. as founded merely on observation, is 
converted Into another division into two classes, viz. i. That in which thedoubty 
refracting force of the principal axis acts more powerfully on the blue rays than the 
other axis docs $ and if That in which it acts less powerfully. The first class com- 
prehends those crystals in which the blue ends are inwards, and the second thofe in 
which the red ends are inwards, or nearer the principal axis.” 

In a subsequent letter (Oct* 4), he adds, 

u The virtual poles , which you mention, I discovered in the year 1815, and I have 
two accounts of them in my Journal, the one signed on the 24th January, 1816, and 
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the other 6th January, 1817, by Sir Q. Mackenzie, President of the Physical Clast 
of the Royal Society.” 

No comments on the above extracts are necessary. They establish at Once the 
priority of Dr. Brewster’s observations, and the independence of mine. With 
regard to the division of crystals into two classes, which observation haa alike sug- 
gested to both of us, it is unnecessary, if we regard either of the two classes as having 
the angle between the resultant axes greater than a right angle. In Dr. Ba ewster’s 
table, Phil* Trans. t8i8, p. 230, succinic acid and sulphate of iron are stated as 
having this angle 90°. If this determination corresponds, as in all probability it 
does, to the yellow rays, they belong at once to both classes, and are, in fact, instances 
of the limit where one class passes into the other. Bi-carbonate of ammonia, in which 
I can perceive no separation of the axes of different colours, nor of course, any 
virtual poles, belongs in like manner to both classes, or to neither. 

JOHN F. W. HERSCHEL. 


APPENDIX. 

Description of an instrument employed in the foregoing experi- 
ments on the polarised rings. 

The singular property possessed by the tourmaline, by 
which a plate of it of any moderate thickness cut in a direc- 
tion parallel to its axis of double refraction, is enabled to 
absorb the whole, or nearly the whole, of an incident pencil 
polarised in a plane parallel to that axis,* was pointed out by 

* The same property Is observable in the epidote, the axinite, and all other na- 
tural and artificial crystals which exhibit any degree of dichroism when examined 
by mpolarmd light. Muriate of palladium and potash possesses it in the highest 
perfection. This remarkable effect is easily explained by a reference to the general 
principles laid down by Dr. Brewster in his paper on absorption, Phil. Trans. 
1819, p. 11. The incident pencil is separated by the doubly refractive force into* 
two, oppositely polarised, one of which is partly absorbed, the other emerges 
(polarised in its proper plane) of nearly its original intensity. 
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M. Biot, in the fourth vol. of his Traits de Physique, and he 
has availed himself of it with his accustomed ingenuity* as 
affording an extremely ready and convenient mode of viewing 
the phenomena of polarisation, much more so than by the use 
of plates of agate, prisms of Iceland spar, or a second re- 
flection. It follows, from the above mentioned property, that 
if a beam of ordinary light be made to traverse such a plate, 
the whole of the emergent pencil, or nearly so, will be po- 
larised in a plane at right angles to the axis ; for the incident 
ray being divided by the doubly refracting force into two 
pencils, polarised in planes, the one parallel, the other per- 
pendicular to the axis, the former is extinguished in its pas- 
sage, while the latter emerges with nearly its full intensity. 

Hence, if two such plates are crossed at right angles, though 
separately very transparent, their combination will be opaque. 
There is a great difference, however, in the degree in which 
tourmalines of different colours possess this power. Those 
of a light green, pink, or bluish colour, are quite improper, 
allowing a considerable portion of light to pass when so 
crossed, while, on the other hand, those whose colour verges 
strongly to the honey yellow, or to the hair brown, or pur- 
plish brown, effect nearly a complete absorption, and afford, 
when crossed, a combination almost impervious to light. In 
ignorance of this distinction, I sacrificed several fine and valu- 
able specimens before I could obtain proper plates. 

When a crystallized lamina, cut in a proper direction, is 
interposed between such a combination of plates, it disturbs 
the polarisation which the light has received in traversing 
the first plate, and renders a certain portion of it capable of 

mdcccxx. O 
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traversing the second : the colour and intensity of this por- 
tion varying with ‘the direction of the ray, give rise to the 
phenomena of the polarised rings, which may accordingly be 
seen by applying the eye, and receiving on it the dispersed 
light of the clouds, &c. 

In order, however, to equalize as well as disperse the 
light, which is of great importance to obtaining a perfect view 
of the phenomena, an emeried glass may be cemented on the 
anterior plate, or the first surface of the plate itself rough- 
ened ; but it will be found more convenient in practice to 
employ a double convex lens of short focus for this purpose, 
by which, if necessary, a very strong illumination may be 
obtained, and an extremely minute portion of a crystal sub- 
jected to examination. I have thus, occasionally, examined 
the rings in a portion not exceeding the hundredth of aninch 
in diameter, and thus detected irregularities of crystallization 
of a very singular nature, in many bodies, which would have 
eluded any other mode of observation. For this purpose, the 
crystal must be cemented over a small aperture in a thin 
sheet of brass, on which the focus of the lens must be exactly 
adjusted to fall.* 

If, instead of applying the eye to receive the light so dis- 
persed, we place a screen at some distance in a darkened 
room, the apparatus is converted into a solar microscope, and 
the rings will be seen projected on the screen. The con- 

• I have now an apparatus preparing, in which the first plate of tourmaline 
itself is formed into a double convex lens, by which the loss of light at two 
surfaces will be suppressed. It is easy to adapt such a lens to a double microscope, 
for the purpose of detecting microscopic irregularities j and I have reason to sup* 
pose a variety of curious results will be brought to light by these means. 
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structkm ^apparatus I employed is as follows; AB is a 
brasMt*be, within which are fitted, 1st, a fixed diaphragm, 
on bb, carrying the first plate of tourmaline in its centre; 
adly, a diaphragm, ccdd, moveable freely in its own plane 
hy means of the pin g passing through a slit in the side of 
the cylinder A B» which occupies an arc of about iao° of its 
circumference. This is destined to receive the crystallized 
plate dd, while a cylinder, hheejf, made to slide and turn 
smoothly within A B, carries the second tourmaline,//. It 
is essential that the tourmalines employed for this purpose, 
and especially the posterior one, should be perfectly free from 
all flaws and blemishes ; but large plates not being required, 
this condition is easily satisfied. The plates so arranged, 
and brought as near together as possible, the extremity A, 
of the cylinder A B, is fitted to slide somewhat stiffly on the 
brass tube P Q, furnished with a lens L, of about two inches 
focus, and a screw P P, by which it can be adapted to the ap- 
paratus usually employed for reflecting a sunbeam into a 
darkened chamber. The sliding motion of the cylinder A B 
allows the focus of the lens to be adjusted so as to fall exactly 
on the first surface of the posterior tourmaline /, while its 
rotation suffers the axis of the anterior one to be placed per- 
pendicular to the plane of reflection. By this arrangement 
two advantages are gained. The reflector employed (though 
metallic) always polarises a more or less considerable por- 
tion of the reflected beam, which in any other position is 
partially, or totally extinguished by the first tourmaline, and 
a great loss of light ensues, which it is of the utmost con- 
sequence to avoid : moreover, by this disposition, the action 
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of the reflector is brought to conspire with that of the tour- 
maline, and the polarisation of the light which traverses it 
(which is never rigorously exact) is thereby rendered more 
complete. * 

It is convenient to have sliding tubes contiftiriing lenses of 
different focal lengths according to the crystal examined, for 
the intensity of illumination of any point in the screen being, 
ca'teris paribus , as the square of the focal length, consequently, 
when the rings lie within a very small angular compass, a 
greater illumination of every part of them may be obtained 
by using a lens of a longer focus. 

The dimensions of the figure, Fig. 6. PI. V. are nearly of 
the actual size. 
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V. A 'cd&’.af, tfa human foetus found m the ovarium, of the 
dmUusuatty acqu ins at the end of the fourth month, By 
A. 8 . Granville, M. D. F. R. S. In a letter addressed to 
Sir Evexaxd Home, Bart., V. P. R, S. 


Read January ig, i8ao. 

My deaa Sib, 

Having met with a well defined case of a foetus in the 
human ovarium, which illustrates in a very satisfactory man- 
ner the explanation contained in your paper on the corpora 
lutea, respecting the mode in which the ovum is sometimes 
retained, and the embryo formed, within the cavity of the 
corpus luteum, I beg leave, through you, to communicate it to 
the Royal Society, that it may have a place amongst your 
observations on that subject. 

To render it still more deserving of that honor, Mr. Bader, 
to whom you’ and the public are so much indebted, has made 
drawings of the parts in a manner which, I may say, no one 
but himself could have executed. 

A lady, aged 39 years, died on the 9th of last June, after 
having experienced various and severe sufferings, which, with 
the exception of a short period of apparent convalescence, had 
lasted from December the iath, 1818, to the moment of her 
dissolution. , 

After death, the body teas examined at the inquest of her 
friend*. It presented nothing which, on a general inspection, 
might be *|dd to indicate disease, except a considerable tumour. 
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soft and moveable, yet perfectly distinct, placed immediately 
above the region of the pubis, and a little to the left of the 
linea alba. My attention was, therefore, directed to the in- 
vestigation of this point. 

The integuments and muscular coverings of the abdomen 
being successively and carefully removed, a considerable 
quantity of fluid resembling blood, to the amount of several 
pounds, was discovered to fill every space which the viscera 
did not occupy. Many large coagula of pure blood lay here 
and there on the surface, and amongst the convolutions of 
the intestines ; under the stomach ; in the right hypochon- 
drium principally ; and in the cavity of the pelvis, where both 
the coagula and the fluid were in so large a quantity as com- 
pletely to obscure from sight the internal parts of generation. 
Another obstacle to the view of these organs, even after the 
intestinal mass had been laid aside, was a tumour of the size 
of four times that of a hen’s egg, partaking of the general 
black-reddish hue of all the surrounding parts. 

A blood-vessel of the size of a large crow-quill, which 
penetrated the dense portion of the tumour, was traced up- 
wards to the descending aorta, and was ascertained to be a 
branch of the left spermatic artery. A smaller and much 
shorter vessel, arising from the tumour, was also found to 
communicate with the spermatic vein ; thus establishing a 
complete circulation to and from the parts. The inferior 
and left half portion of the tumour presented a surface con- 
sisting, in two or three places, of diaphanous membr ane , 
through which a foetus of about four months growth was 
readily discovered. 

The fact of an extra-uterine conception being thus made out, 
I proceeded to detach the parts from the pelvis, and brought 
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them to that state of demonstration, which Mr, Baiter has so 
beautifully represented in the drawing (see Plate VI.) 

The left ovarium (O) was the seat of the tumour, which, as 
it gradually enlarged, distended the coverings of that organ 
in the same progressive manner, in proportion to its own size, 
so as to remain, for a time, wholly enveloped by it. 

As the foetus however increased further, the ovarium burst 
in three different places (1. s. 3) and thus the membranous 
sac forming the tumour, protruded partially into the cavity of 
the abdomen. During this destructive process, that part of 
the covering of the ovarium was also lacerated, over the inner 
surface of which the placenta (P) was engrafted, so as to tear 
the adhesions of the latter, thereby producing that sudden and 
fatal hemorrhage, which destroyed the life of the mother and 
the child, and filled the cavity of the abdomen with blood. 

EXPLANATION OF PLATE VI. 

The womb (A) had acquired considerable developement 
during the increase of the foetus, so as nearly to have reached 
the size which it is known to attain when bearing the pro- 
duce of conception. Its parietes ( a a) were thickened in pro- 
portion ; the orifice was closed, and transversely oblong, as 
I have generally found it to be in women who have borne 
children.* Several small prominent vesicles ( bb ) surrounded 
the internal orifice, and part of the neck of the uterus, within 
whose cavity (B) neither fluid, membrane, nor production of 
any description was found. 

The right ovarium (C) was of a full size, and healthy, with 

* The lady In question had been the mother of seven children. She had re- 
gularly menstruated up to December, when conception took placet and from that 
time there arete occasional irregular discharges of a coloured fluid from the vagina. 
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a great number of the usual cells, containing fluid, distinctly 
visible ; it was terminated by a long slender thread-like ap* 
pendix (cc) of a tendinous nature, which connected it with 
the neighbouring viscera. 

The Fallopian tube of the same side (D) was likewise 
healthy in its structure, but adhering to the lateral part of 
the ft mdus uteri by means of a short and tough band (d), (no 
doubt the result of inflammatory action), which seemed a 
prolongation of one of the fimbria of its floating extremity, so 
as to give to the tube that peculiar turn, which is so well 
expressed in the drawing. 

The ligamenta rotunda (EE) seemed larger than usual, 
although healthy ; and the peritoneal foldings, forming what 
are commonly called the large ligaments, offered not the 
slightest trace 6f disease. The latter were removed in the 
progress of the dissection, in order the better to exhibit the 
more important parts just described. 

, Both the Fallopian tubes were pervious only from their 
loose extremity inwards, to about half their length, and no 
farther ; nor did any artifice carefully employed, enable me 
to discover the opening of the tubes into the womb. 

Hie left Fallopian tube (F) was perfectly sound and loose, 
particularly at its fimbriated extremity, which had no connec- 
tion whatever with the neighbouring tumour. 

All the above anatomical and pathological features are 
accurately pourtrayed, and to their natural size, in the draw- 
ing, to which I beg to refer you and the Society, in order the 
better to comprehend my description. 

It ought to be stated here, that one of my principal reasons 
for dissecting away the broad ligaments, was to ascertain 
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whether the peritoneal fo Wings, within which the ovarium Is 
placed, rather than the membranes of the ovarium itself, 
formed the covering of the tumour. The dissection, and the 
drawing, prove that the latter was the case. 

In order to supply as much information as possible, re- 
specting a fact so curious and important in itself, the only 
one I believe on record, which offers such complete and au- 
thentic evidence of a perfect ovario-gestation, I thought it ex- 
pedient to know the internal anatomy of the tumour, and 
readily acceded to Mr. Bauer’s suggestion, of giving a second 
view of the case, which should represent as many of its im- 
portant details as could be rightly ascertained. The result 
of this ulterior investigation, for which the preparation, after 
having been drawn in its original state, as seen by yourself, 
Mr. Clift, and others, was necessarily altered and cut into, 
for better demonstration, is given in a second drawing of 
Mr. Bauer, of the most accurate and finished execution. 

I shall only give you an explanation of the references 
marked in that drawing, which speaks for itself. 

Explanation of Plate VII. 

A. Amnion. 

B. Chorion. 

CCC. Placenta. 

D. D. Fragments of the corpus luteum which surrounded 
the ovum, and was broken to pieces by the enlargement of 
the foetus. 

EE EE. Ovarium. 

F. Fallopian tube. 

G. A portion of the omentum adhering to the ovarium. 

mdcccxx. p 
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From the above explanation and, on a mere reference to 
the plate, it appears evident, 

ist. That conception took place in the ovarium, 
adly. That the formation of the placenta and the develope- 
ment of the foetus, does not seem to have been different in 
this case, from what occurs Within the womb under similar 
circumstances. 

. gdly. That the ovum wasperfect, beingTorrned of the 

placenta, and the two well jonbwn membranes quite distinct, 

* ' ■ ^ ' ' * ' , 

without, however, the dqqdiuLof Hunter. 

. 4,thly. That the; carpus /«few» 4 oes not follow, but precedes 
conception, as you have shown -in the paper alluded to, since, 
in this case, considerable portions of the corpus luteum were 
still found adhering in part to the placenta. To all of which 
I may add, that ’ the faettis, in every respect as perfect as a 
foetus of four months is known to be when borne in utero, 
was, in the present instance, contained in one of the outer 
and inferior cavities of the ovarium, within which it must 
have been completely inclosed, -up to the period of the burst- 
ing of its covering ; and that the fragments of the corpus 
luteum, together with the placenta, (which in this case was 
only half the size of what it should have been, though more 
vascular and spongy) adhered firmly, by means of short 
filaments, to the inner parietes of the cavity within which 
conception had taken place. 

In examining the right ovarium, as well as that within 
which the foetus had been developed, several cells were found, 
as usual, containing fluid, which hardened into small white 
masses by the action of alcohol, and appeared to be what 
anatomists have called ova. But having summoned the 
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microscopical power of Mr. Bauer to my assistance, he has 
enabled me to give the following explanation, consistent with 
your doctrine, contained in the last volume of the Philoso- 
phical Transactions. 

The small round, white, and opaque bodies found in the 
cells of the human ovarium, as well as in that of other animals 
in a healthy state, after they have been immersed for some 
time in alcohol, consist entirely of coagulable lymph, which 
is easily reduced, in water, to a mass of globules like those 
observed in serum ; but in the present instance, the substance 
of which thecoagula consisted, seemed very different, it being 
a very strong and tenacious mucus, not soluble in water, and 
which, when pressed, yielded a vast quantity of oil, without 
the slightest appearance of any globules; a phenomenon 
supposed to be the effect of previous disease. In the right 
ovarium there was a corpus luteum perfectly well preserved, 
not far from the cells, which did not contain any such opaque 
white bodies ; while within two other cells equally near, and 
containing the coagula or white bodies above described, no 
traces of corpora lutea could be discovered. I abstain from 
all professional observations, this not being the place to enter 
into them. 

I am, dear Sir, 

yours most truly, 

A. B. GRANVILLE. 

Saville Row, 

Jnnt, 1819. 
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VI. On some combinations of Platinum. By Edmund Davy, 
Esq. Professor of Chemistry, and Secretary to the Cork Institu- 
tion. Communicated by F. Babington, M. D. F. R. S. 

Read February 17, 1820. 

In ray communication to Sir H. Davy, Bart, “ On anew ful- 
minating platinum,” which has been honoured with a place in 
the Transactions of the Royal Society,* I stated, that I had ob- 
tained some other new compounds of this metal : these have 
since occupied no inconsiderable portion of my leisure hours, 
and I now beg leave to lay the results of my inquiry before 
the Royal Society. A constant attention to other necessary 
duties, has not allowed me sufficient time to render this inves- 
tigation so complete as I could have wished ; but as I pre- 
sume the facts are novel, I shall venture to bring them for- 
ward in a form, which, though imperfect, may not be wholly 
destitute of interest. 

I. On a peculiar compound of platinum, obtained from sulphate of 
platinum, by the agency of alcohol. 

Sulphate of platinum, unlike the other metallic sulphates 
in general, is, to a considerable extent, soluble in alcohol and 
in ether ; as these fluids are capable, in certain circumstances, 
of partialh or wholly reviving some metallic oxides from 
their solutions in acids, I wished to try their effects on the 
sulphate of platinum. Accordingly, I put into a small phial 

* Phil, Trans. 1817. 
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about equal volumes of a strong aqueous solution of the 
sulphate, and alcohol ; and after agitating the mixed fluids, 
the phial was put aside. Some weeks afterwards, I found the 
dark colour of the sulphate had entirely disappeared, a dense 
black substance had subsided, and the supernatant fluid re- 
mained colourless and transparent. On opening the phial, an 
odour similar to that of ether was perceived, the fluid had a 
strong acid taste, and afforded a copious precipitate with 
nitrate of barytes. After the black substance had been well 
washed and dried, a few preliminary experiments, served to 
show that it was a peculiar compound which had not been 
noticed. To confirm these results, and procure more of the 
substance, I repeated the experiment with the sulphate and 
alcohol. In about two days the fluid assumed a darker tint, 
the black substance began to precipitate in a finely divided 
state, and in about a week it had all subsided, leaving the 
fluid colourless and transparent. I afterwards found that 
the substance in question may be readily obtained by boiling 
the sulphate and alcohol* together for a few minutes ; it se- 
parates in small particles, leaving the supernatant fluid co- 
lourless, or with only a slight tinge of yellow. In cases 
when it is thus procured, a little volatile inflammable fluid, 
having a peculiar ethereal smell, is also obtained. The sub- 
stance, after being washed till the water is tasteless and does 
not affect litmus paper, and dried at a temperature of about 
550° Fahrenheit, exhibits the following properties. 

* The alcohol used in this experiment, may vary considerably in its strength 
and quantity, without materially affecting the results* Ether may also be em* 
ployed as a substitute for alcohol. 
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a. Properties of the peculiar compound. 

The substance is of a black colour, and in small lumps, 
which are soft to the touch, and easily reduced to an impal- 
pable powder. It readily soils the fingers, or paper. It is 
destitute of lustre. It is tasteless, and apparently unaffected 
either by cold or hot water. It has a peculiar ethereal smell 
that is not easily removed, and probably arises from the pre- 
sence of a little inflammable matter occasioned by the action 
of the alcohol. It seems to undergo no change by exposure 
to the air for some time. When it is gently heated, on a slip 
of platinum or paper, a hissing noise or a feeble explosion is 
produced, and this effect is accompanied by a flash of red 
light, and the platinum is reduced. It is insoluble in nitrous, 
sulphuric, and phosphoric acids, but it dissolves slowly in 
muriatic acid. It is scarcely affected by chlorine, except 
moisture be present, when a little muriate is gradually formed. 
When the powder is put into liquid ammonia, minute glo- 
bules of air are evolved from it, and after some time it ac- 
quires fulminating properties. The quantity of air I have 
hitherto obtained in this way, has been too small to allow me 
to ascertain its nature with precision.. When the powder is 
brought in contact with ammoniacal gas, a crackling noise 
is produced, and it becomes red hot and scintillates ; but by 
this treatment, its external appearance is scarcely altered, 
though it undergoes a partial decomposition. The powder 
is immediately decomposed by the agency of alcohol. This 
fact is shown in an interesting manner by moistening different 
substances, such as paper, sand, cork, &c. with alcohol, and 
placing the smallest particle of the powder on them ; it hisses. 



a sufficient degree of heat is produced to reduce and ignite 
the platinum, and it remains in a state of ignition until the 
alcohol is consumed. During the agency of alcohol cm the 
powder, acetic acid is -produced. This is shown by putting 
a little of the powder on a paper filter and moistening it with 
alcohol ; a moderate action takes place, and in a few minutes, 
the odour of acetic add is very perceptible. In some ex- 
periments of this kind, the action, though comparatively fee- 
ble at first, has presently increased, the powder has become 
red hot, and the bottom of the filter completely charred. If 
two or three grains of the powder are placed in a glass, and a 
few drops of alcohol added, in about half an hour acetic acid 
will be produced ; and as it evaporates and disappears, it may 
be successively renewed, at longer or shorter intervals, for 
some weeks, by occasionally adding a little alcohol. 

When the powder is boiled in alcohol, it is partially de- 
composed, and assumes a lighter colour ; if it be then thrown 
on a filter, the odour of acetic acid is soon perceived, and in 
a few hours the platinum is found reduced and the paper 
charred. When the powder is mixed with flowers of sulphur, 
and heated, a sulphuret of platinum is formed of a blue co- 
lour. When the powder is heated with phosphorus, there 
is a brilliant combustion, and a dark grey phosphoret is 
formed. Oxygen gas does not affect the powder at the 
common temperature of the air, but by a moderate heat 
there is a slight combustion, which seems to indicate the pre- 
sence of a little inflammable matter. 

3. Composition oj the peculiar compound. 

In my first attempts to ascertain the nature of the black 
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powder, I was limited to very minute quantities of it; and I 
made several trials, before I gained any satisfactory evidences 
of its constitution. I decomposed the powder in long green 
glass tubes filled with mercury ; in such cases, by a gentle 
heat, the powder became ignited, the reduced platinum amal- 
gamated with the mercury, a little fluid appeared, and some 
gas was evolved. The fluid reddened litmus, and had an 
acid taste. The gas rendered lime water turbid, and was in 
part absorbed by water and by ammonia ; and the unabsorbed 
portion exhibited properties similar to those of nitrogen. 
These results seemed to prove, that the powder contained 
acid and inflammable matter ; but they were not sufficiently 
uniform to enable me to place much reliance on them. I then 
used very small glass retorts, varying in capacity, from to 
of a cubic inch, and decomposed the powder over pure 
water and over mercury ; but the results were most satis- 
factory when I operated over mercury. From two experi- 
ments of this kind, which I beg briefly to detail, as they very 
nearly agree, I think I may venture to state the composition 
of the powder under examination. 

Experiment 1. Ten grains of the powder were decomposed 
in a little retort, over dry mercury, by the heat of a spirit 
lamp. On the first impression of the heat, gas was disengaged, 
and shortly after, the interior of the retort assumed a reddish 
yellow colour (like that exhibited by the vapour of fuming 
nitrous acid), and small drops of a colourless fluid condensed 
in the neck of the retort. After the utmost heat of the lamp 
had been given to the retort, it was suffered to cool, and the 
results were immediately examined. 
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(a) Examination of the gas . 

The gas remaining in the retort made an ignited piece of 
"wood glow brighter ; that which came over ( deducting the 
common air) was of a cubic inch, which diminished 
on being transferred to water and agitated. of the un- 

absorbed gas, on being mixed with an equal volume of pure 
hydrogen and fired by an electric spark, diminished to -5^. 
Hence, the unabsorbed portion of gas contained more oxygen 
than could have been furnished from the common air of the 
retort. 

From other experiments, the gas absorbed by water was 
found to be carbonic acid ; it rendered lime water turbid, was 
absorbed by ammonia, and again disengaged by muriatic 
acid. 

(b.) Examination of the fluid. 

The fluid which rose in the neck of the retort reddened 
litmus paper, and resembled the nitrous add in odour, colour, 
and taste. It acted upon the mercury in contact with the re- 
tort, and when washed out by pure water, the solution did 
not affect the nitrate of barytes, or silver. 

(c . ) The platinum was perfectly reduced, and its particles 
formed a loosely coherent mass, which could not be removed 
until the bulb of the retort was broken. It weighed grains, 
and suffered no diminution on being again heated to redness 
in a platinum cup. 

Experiment 2. Ten grains of the same powder as that 
used in the first experiment, afforded by its decomposition 9^ 
grains of platinum, a little fluid agreeing in its properties 
with that noticed in the former experiment, and of gas, 
which was examined in a different manner from that of Ex- 
periment 1. The gas remaining in the retort, was treated 

MJDCCCXX. Q 
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\Vith pure nitrous gas ; red fumes were produced, and the 
absorption was so great that the mercury presently rose near 
the bulb of the retort, and was still rising, when its neck was 
intentionally broken to secure the platinum. Hence, it seems 
the gas in the retort was oxygen. 

The gas that came over was first treated with lime-water ; 
an immediate turbidness was produced,- and increased by agi- 
tation, and -j-gk of the gas were absorbed. To the residual 
gas, nitrous gas was added, which occasioned a considerable 
absorption ; and the remaining gas, which exhibited the pro- 
perties of nitrogen, was principally derived from the common 
air of the retort. By adding a little diluted muriatic acid to 
the turbid fluid, it immediately became transparent, and the 
absorbed carbonic acid was slowly disengaged, and the mer- 
cury was studded with innumerable little globules of it. 

From these experiments, too grains of the black powder 
appear to contain 96 25 platinum. 

375 nitrous acid, a little oxygen, and a 
minute portion of carbon. 

io-ooo 

Though the powder was dried at a heat considerably above 
212 0 , it may contain water ; and if this is the case, its com- 
position may be differently stated, as deduced from the fore- 
going experiments : 96-2500 platinum. 

0-1200 oxygen. 

0*0106 carbon. 

3-6194 nitrous acid and water. 


100-0000 
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4 . Observations, &c. on the peculiar compound. 

From the preceding experiments, the black powder obtain- 
ed by the agency of alcohol on the sulphate of platinum, 
appears to consist almost solely of platinum, with a little 
oxygen, and the elements of the nitrous acid. The very 
minute portion of carbonaceous matter it contains, is probably 
accidental. If the constitution of the powder is such as I 
have stated, a doubt may arise whether it can be considered 
as a definite compound ; but its solubility in the muriatic acid, 
the facility with which it combines with sulphur, and resists 
the action of a strong solution of potash at ' a boiling heat, 
and its acquiring fulminating properties in liquid ammonia, 
are all circumstances which favour the notion of its being a 
■ true chemical compound. It seems rather doubtful, whether 
the powder can be regarded as a sub-nitrate of platinum, or 
a combination of platinum with oxygen and nitrogen, in a 
different state from that in which they co-exist in the nitrous 
acid. On the idea that the powder is a compound of the 
metal with a little oxygen and nitrous acid, something may 
be said on the mode of its formation, and on the more re- 
markable properties it exhibits. 

From the manner in which the sulphate of platinum is 
formed, ( namely, by the agency of nitrous acid on the hydro- 
sulphuret of platinum) there can be no difficulty in accounting 
for the presence of a small portion of nitrous acid in it ; and 
my experiments incline me to the opinion, that it is scarcely 
possible to separate the last portions of nitrous acid from the 
sulphate, without entirely decomposing it. That the quan- 
tity of nitrous acid in the sulphate must, however, be very 
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limited, appears from this circumstance, that the addition of a 
little nitrous acid to the sulphate, entirely prevents the forma- 
tion of the black powder, though successive portions of alco- 
hol be added, and the whole boiled for a considerable time. 

When sulphate of platinum, containing a little nitrous acid, 
is treated with alcohol, a mutual action takes place ; slowly 
at the common temperature of the air ; but rapidly by the 
assistance of heat : the sulphuric acid being united to the 
oxide of platinum by a weak affinity, seems to form a new 
combination with the alcohol, whilst the oxide combines with 
the portion of nitrous acid present, to form the black pow- 
der. In certain cases, as is well known, alcohol separates salts 
from their aqueous solutions, in consequence of a stronger 
affinity for the water in which they are dissolved; but in this 
instance, the agencies of alcohol and of nitrous acid, are 
probably concerned in separating the sulphuric acid from, 
the sulphate. 

The vivid action of ammoniacal gas on the powder, may 
be referred to the mutual energy with which the alkaline gas, 
and loosely combined nitrous acid in the powder, act upon 
each other. I found by experiment, that ammoniacal gas is 
absorbed in this instance; thus,g^grains of the powder were 
placed in a graduated glass receiver, and filled with dry mer- 
cury. s*3 cubic inches of ammoniacal gas, containing only 
t impurity, were let up into the receiver : an immediate 
action took place, the powder became ignited, and after two 
hours, of a cubic inch of the gas were absorbed ; recently 
boiled pure water, whilst yet hot, was let up into the receiver, 
and the residual gas was all absorbed, except a small 
globule, which did not exceed the original impurity in th& 
ammonia. 
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The action of alcohol on the powder is curious, and Is 
connected with the decomposition of both substances. When 
the powder is brought in contact with the vapour of alcohol, 
at the common temperature of the air, there is an immediate 
chemical action ; the heat generated is sufficient to reduce 
and ignite the metal, and to continue it in a state of ignition, 
until the alcohol is consumed. In this case, the acid first 
noticed by Sir H. Davy, (in his beautiful experiment of the 
ignited platinum wire, and since, more fully examined by 
Mr. Daniell), is produced. In other instances, the acetic 
acid, as has been mentioned, is formed. It would be prema- 
ture to speculate on the uses to which this powder may be 
applied, but from its peculiar properties, there is reason to 
think it will admit of some useful applications. I have already 
employed it as an easy means of affording heat and light. To 
produce heat, it is only necessary to moisten any porous sub- 
stance, such as sponge, cork, cotton, asbestos, sand,&c. with 
alcohol or whiskey, and to let a particle of the powder fall on 
the substance so moistened ; it instantly becomes red hot, and 
remains so until the spirit is consumed ; nor is the ignited 
metal extinguished by exposure to the atmosphere, or by 
blowing the breath on it; on the contrary, partial currents of 
air only make it glow brighter. The heat produced in this 
way, may be accumulated to a considerable extent, by increa- 
sing the quantity of the materials employed. I have also 
constructed a tinder box, to procure immediate light by 
means of the powder. It consists of two small phials placed 
in a japanned box, and some sulphur matches tipped with 
phosphorus. One of the phials contains the powder ; the other, 
alcohol. The stopper of the phial containing the alcohol. 
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has a bit of sponge inserted in a small aperture at the bottom 
of it. When a light is wanted, it is only necessary to shake 
the bottle so as to moisten the sponge with the alcohol, take 
out the stopper, and put the smallest particle of the powder on 
the moistened sponge ; it instantly becomes red hot, and will 
readily kindle one of the matches. This mode of igniting a 
metal seems to be quite a new fact in the history of chemistry ; 
but the means of keeping it in a state of ignition, is only 
another illustration of the facts previously pointed out by 
Sir H. Davy, in his late valuable researches, which have 
thrown so much light on the philosophy of flame, and led to 
such very interesting, important, and unexpected results. 

5. On the effects of sulphate of platinum upon gelatine. 

When an aqueous solution of sulphate of platinum is added 
to any solution of gelatine, such as isinglass, size, or glue, a 
precipitate occurs, and all the sulphate is separated in union 
with the gelatine ; or if a minute portion remain, it is preci- 
pitated on boiling the fluid. This precipitate, whilst in a 
moist state, is of a brown colour, and has some degree of 
tenacit)' ; but when well washed and dried at a temperature 
a little above the boiling point of water, its colour changes 
to a jet black ; it becomes hard and brittle, and has a resinous 
lustre. It is not decomposed by being boiled in water or in 
weak alkaline solutions. When it is gently heated by a 
spirit lamp on a slip of platinum, a violent action is produced, 
and a dense white vapour is exhaled, in which the odour of 
sulphureous acid is perceptible, the substance becomes ig- 
nited, and is presently decomposed, leaving the reduced pla- 
tinum in small grains. 
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When this compound is decomposed by heat in close 
vessels over water or mercury, it yields a grey sulphuret 
of platinum,* nitrogen, sulphureous, carburetted hydrogen 
and carbonic acid gases, carbonate of ammonia, and an oily- 
like fluid. This compound of sulphate of platinum and gela- 
tine, when dried at a heat just above that of boiling water, 
afforded, by its decomposition in two experiments, half its 
weight of platinum ; and if my former statement of the com- 
position of sulphate of platinum is correct, 100 grains of the 
above compound will consist of about 

56- it oxide of platinum, 
ao-^2 sulphuric acid, 

23 8 7 gelatine and water. 

ioo-oo 

6. On the sulphate of platinum, as a test for gelatine. 

As I found that minute quantities of gelatine in solution, 
were readily detected by the sulphate of platinum, I made 
some experiments to ascertain the efficacy of this substance as 
a test for gelatine, and I am inclined to think it merits a de- 
cided preference over the re-agents at present used by che- 
mists for this purpose. The best known substances for de- 
tecting the presence of gelatine are, I presume, those which 
contain the tanning principle, as the infusions of oak-bark, 
nutgalls, catechu, &c. And a variety of gelatine, isinglass, 
(as is well known), is employed to ascertain the quantity of 


• In the“Annales dc Chinne,” &c. Tome V., M. Vau^uelin treats of the 
sulphuret of platinum as a new compound which he had formed ; hut I published 
an account of it in the Philosophical Magazine* in the year 1812. 
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tanning principle in different astringent substances ; but for 
this purpose, as Sir H. Davy has shown,* many precautions 
are necessary ; and from his experiments it appears, that 
tannin may exist in a state of combination, in which its pre- 
sence cannot be made evident by means of a solution of 
gelatine. I have made several comparative experiments on 
the efficacy of those astringent infusions, and of the sulphate 
of platinum, as tests for gelatine ; and I think I may venture 
to conclude, that the sulphate is a test of superior delicacy, 
and more certain in its operation. Thus, in cases where the 
gelatine was in very minute quantity, or in a very diluted 
state, when no effect was produced by strong infusions of 
oak-bark, nutgalls, or catechu, there was an immediate pre- 
cipitate on adding sulphate of platinum. In instances also, 
when the quantity of gelatine was too minute to be readily 
detected by simply adding the sulphate, the effect was im- 
mediately produced on boiling the fluid. 

The effects of sulphate of platinum on solutions of the 
different varieties of gelatine, as isinglass, glue, and size, 
appear to be precisely similar, and the precipitates obtained 
in such cases, seem to be uniform in their properties and 
composition ; nor are they affected by the presence of any of 
the mineral acids in excess. The operation of astringent 
infusions, as oak-bark, nutgalls, and catechu, on solutions of 
the different varieties of gelatine, is not uniform. According 
to Sir H. Davy, catechu contains a much larger quantity of 
the tanning principle than oak-bark ; yet I found that an in- 
fusion of it produced no precipitate in solutions of size, of 
different degrees of concentration. The size I employed was 
• Phil. Trans. 1803. 
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such as paper-hangers use ; it had been recently prepared, 
and was, previous to its being dissolved in water, in the form 
of a. tremulous jelly. The sulphate of platinum occasions, 
after a short time, a brown precipitate in astringent infusions ; 
but this substance I have not examined. 

7. On a grey oxide of platinum. 

In the course of my experiments to ascertain the compo- 
sition of fulminating platinum, 1 treated it with nitrous acid, 
and thus procured, as I have elsewhere stated, a grey oxide 
of platinum, which has not yet been described. It may be 
obtained by adding strong nitrous acid to fulminating plati- 
num, boiling it to dryness, and exposing the dry mass to a 
heat just below redness, so as to expel all the nitrous acid. 
The oxide of platinum remains. It is to be finely pulverized 
and boiled, first in pure water, and then in a weak solution 
of caustic alkali to separate the last portions of acid, which 
adhere with great tenacity to it. It is now to be well washed 
and dried at a heat not exceeding that of boiling mercury. I 
have usually made the experiment in a platinum crucible on a 
hot sand bath. The oxide thus prepared exhibits the following 
properties. 

8. Properties and composition of the grey oxide of platinum. 

Its colour is dark iron grey. It has the metallic lustre. It 
is sufficiently hard to cut brass, which it polishes, and when 
the polished surface is rubbed a little with the oxide, a deli- 
cate coating of platinum remains. It does not touch steel. 
It is not affected by cold or hot water, nor by the nitrous, 
sulphuric, or phosphoric acid at a boiling heat. It is insoluble 
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in nitro-muriatic acid, and in cold muriatic acid, but it slowly 
dissolves in this last acid by the assistance of heat. It is not 
acted upon by a strong solution of the fixed alkalies. When 
the oxide is put into liquid ammonia, minute globules of air 
are evolved from it, but the quantity has been too small to 
admit of being examined ; probably it is common air, as the 
oxide appears to undergo no change by being kept for some 
weeks in ammonia. When heated with sulphur, the oxide 
yields sulphureous acid gas and a grey sulphuret of pla- 
tinum. When mixed with zinc filings and heated, the oxide 
is decomposed with vivid ignition, and white oxide of zinc 
is formed. 

When the oxide is mixed with borax, and exposed to a 
strong red heat before the blowpipe, it forms a black glass, 
which becomes of a lighter colour on urging the heat to 
whiteness, and the oxide appears to be reduced. If the oxide 
is mixed with powdered glass and fused, a glass is obtained 
of a dull brown colour. The oxide is readily reduced by 
moistening it with oil of turpentine, and heating it moderately ; 
or by exposing it to a dull red heat in the atmosphere ; but it 
requires a strong red heat to reduce it in close vessels. Some 
of the oxide which had been well dried, first on a hot sand 
bath, and then exposed to a heat just below redness, on a slip of 
platinum, was decomposed in very small green glass retorts, 
over mercury. In two experiments in which I used 7 grains 
of the oxide, I obtained in each instance 6 grains of platinum, 
and e- 1 cubic inches of oxygen, the thermometer being at 
6o° and barometer go®. I found also in the necks of the re- 
torts, a slight trace of a fluid that reddened litmus paper, 
and had an odour similar to that of nitrous acid. Now, if 
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6 grains of platinum combine with 2*1 cubic inches of oxy- 
gen, a 00 grains will take 34 cubic inches.; and calculating 
from Sir H. Davy's statement, that 100 cubic inches of oxy- 
gen weigh 34 grains, the grey oxide of platinum will be 
found to consist of 

100 platinum! _ Sq'3,66 platinum, 

r i or per cent, of 9 ° 1 

11*9 oxygen J 10 034 oxygen. 

lbo-ooo 

It will be readily seen, that I have here deduced the com- 
position of the grey oxide from the actual quantity of oxy- 
gen and metal obtained in the experiments ; and this mode 
of analysis seems liable to little objection, and can very rarely 
be resorted to, in ascertaining the composition of metallic 
oxides. On comparing my previous experiments upon the 
grey oxide, with the above results, I am most inclined to 
place confidence in the latter. There is, indeed, a near co- 
incidence between them, and the difference, which is only 
about one per cent, may be referred to the presence of a 
little more acid in my first experiments. The grey oxide is 
insoluble in aqua regia, a fact which seems to add additional 
support to Sir H. Davy's opinion respecting the action of 
aqua regia on platinum.* This menstruum, according to 
Sir H. Davy, does not oxidate platinum, but merely causes 
its combination with chlorine. Now, if the metal were oxi- 
dated previous to its solution, the oxygen, there is reason to 
think, would be derived from the nitrous acid, and the grey 
oxide formed by this acid, be produced, which can scarcely 

• Journal of Science and the Arts, Vol. I. 
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be the case, as it is insoluble in aqua regia. Add to this, the 
fact, that by evaporating a common solution of platinum to 
dryness, no nitrate can be obtained, but only a muriate, or a 
compound of the metal and chlorine. 

If, according to the statements of Professors VaU'Q'Uelin and 
Berzelius, the black oxide of platinum contains about as per 
cent, of oxygen, the grey oxide may be considered as the 
protoxide, containing 1 proportion, and the black oxide 
proportion of oxygen; and the number representing the 
element or proportion in which platinum combines with bo- 
dies will be 126, taking Sir H. Davy's number 15, to repre- 
sent the proportion in which oxygen unites with bodies. 

Mr. Cooper states the black oxide of platinum to consist 
of 100 platinum, with only 4-317 of oxygen;* but he has, 
I think, considerably under-rated the oxygen in it. On re- 
peating his experiments on a small scale, I obtained results 
different from those he has stated. Thus, he says the powder 
obtained from the muriate of platinum by a neutral solution 
df mercury, is a compound of calomel and the protoxide of 
platinum ; but by decomposing this powder in a little retort 
over mercury, I found the neck of the retort partially lined 
with metallic mercury ; and this fact alone, I think, is suffi- 
cient to awaken suspicion as to the accuracy of his results. 
Mr. Cooper, I presume, used a nitrate of mercury to decom- 
pose the muriate of platinum, but he seems to have over- 
looked the nitrous acid in stating his results. 

The chemical history of platinum, is far from being com- 
plete. The great want of uniformity in the statements of 
* Journal of Science and the Arts, Vol. III. 
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chemists respecting the composition of the known compounds 
of this valuable metal, and the circumstance of their not 
harmonizing with the doctrine of definite proportions, prove 
the necessity of submitting them to a more'rigid examination ; 
and this could not be done without rendering our information 
on the subject more accurate and extensive. 

Cork Institution, 

Sept. i, 1819. 
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VII. On thf methods of cutting rock crystal for micrometers • By 
William Hyde Wollaston, M. D. F.R. S. 

Read February 24, 1820. 

For the mere purpose of examining the phenomena of dou- 
ble refraction, it is extremely easy for any skilful workman 
to combine a wedge of rock crystal, or any other doubly re- 
fracting substance, with another wedge of crown glass op- 
posed to it, in such a manner that a luminous object seen 
through them shall appear in its true place by ordinary re- 
fraction, accompanied by a second image at a small distance, 
produced by the extraordinary refraction of the crystal. 

In consequence of the dispersion of colours which occurs 
in employing different substances, the above combination is 
not suited for the purpose of the micrometer invented by the 
Abbe Rochon ; but it is not difficult to obtain such a section 
of rock crystal as may be substituted for the wedge of glass, 
so that the pencil of light shall be restored to its original 
direction void of colour, without diminishing the separation 
of the images occasioned by the first wedge. 

But since the degree to which the double refraction of rock 
crystal separates the two portions of a beam of light trans- 
mitted through it, is not so great as may frequently be wished, 
it becomes desirable to increase this effect beyond what can be 
produced by the most obvious method of employing that sub- 
stance ; and it does appear from M. Rochon ' s own account 
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of his contrivance,* that he fully succeeded in accomplishing 
this end. But although he informs us that the means em- 
ployed, as best suited to his views, had exactly the effect of 
doubling the amount of deviation produced by ordinary means, 
he has not chosen to explain the mode of construction he 
adopted, and has merely referred to a certain artist living at 
that time in Paris, who was in possession of his secret, and 
skilful in applying it to the construction of micrometers. 

As I have reason to think that the method to which he 
alludes in his memoir has never yet been described, I design, 
in the present communication, to explain a combination which 
I have found advantageous, and which I think must be the 
same as that of M. Rochon. 

I shall hope to render the principles of this construction 
intelligible to every one acquainted with the original obser- 
vation of Huygens on the properties of polarised light, and 
to enable any competent artist to cut wedges from hexagonal 
prisms of rock crystal, in the positions requisite to produce, 
by their combination, the double effect to which I allude. 

There are three principal directions in which a crystal may 
be cut specifically different from each other, which require to 
be distinctly understood. 

In the first place, let us suppose a prismatic crystal to be 
placed with its axis in a vertical position, and a portion to be 
cut off from the base by a plane surface at right angles to the 
axis, and sufficient to form a wedge of 20 degrees, by giving 
it a second surface duly inclined to the former. For distinc- 
' tion, this may be called the horizontal wedge. 

Next, let the crystal be bisected vertically by a plane 
* Journal de Physique, An. 9. 
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passing through two opposite edges of the prism, in order to 
make two other wedges which are to be cut in different direc- 
tions from the two portions, and to have each the same angle 
of so degrees. 

Let one of the halves thus obtained be slit in a plane which 
meets the surface of bisection in one of the edges of the 
original prism, and consequently, in a line parallel to the 
axis. The wedge thus formed may be called a lateral wedge. 

Let the remaining half be cut by another plane not vertical, 
but inclined to the vertical plane at an angle of so*, and meet- 
ing it in a line parallel to the base, or at right angles to the 
axis. This may be called a vertical wedge. 

We have thus three wedges cut in different directions fat 
right angles to each other, and, accordingly, having their 
axes of crystallization differently placed in each. 

In the first, or horizontal wedge, the axis is at right angles 
to the first surface. In the second, or lateral wedge, the axis 
is parallel in the first surface, and parallel to its acute edge. 
In the third, or vertical wedge, the axis is also in the first 
surface, but it is at right angles to the acute edge. 

An object seen through the first wedge in the direction of 
the axis, does not appear double ; but, since rays transmitted 
through the second or third, pass at right angles to the axis, 
both of these wedges give two images of any object seen 
through them. 

There are obviously three modes in which these wedges 
may be combined in pairs, by placing two of them together 
with their acute edges in opposite directions. 

The first pair may be represented by L H ; the 
second by V.H ; the third* by V L. In the two first cases 
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the separation of the images will be the same, since the 
angles of all the wedges are supposed to be made equal, the 
compound medium will be comprised under parallel surfaces, 
so that a ray ordinarily refracted by both, emerges in its 
original direction ; but since the extraordinary ray is made 
to deviate about 17 minutes from the ordinary course by the 
wedge which refracts doubly, this difference is not corrected 
by the horizontal wedge, so that an object seen through either 
of the combinations L H or V H, appears doubled to the 
amount of 17'. 

The third combination, consisting of the vertical and lateral 
wedges combined, as in the former cases, with their acute 
edges in opposite directions, produces an effect perfectly dis- 
tinct from either of the former combinations ; for by reason 
of the transverse position of their axes of crystallization, the 
separation of the two images becomes exactly doubled. The 
consequence of that position is, that the pencil o|dinarily re- 
fracted by the first wedge, is refracted extraordinarily by the 
second, and that which has been refracted extraordinarily 
by the first, suffers a similar interchange, and is now ordi- 
narily refracted, so that neither of the divided pencils returns 
to its true place ; and since one falls as much short of the 
mean as the other exceeds the truth, they emerge ultimately 
separated twice the usual difference between the ordinary and 
extraordinary refractions, and thus present two images sepa- 
rated 34 minutes, just double of that which is effected by 
either of the preceding combinations. 

Though it could scarcely be doubted that this is essentially 
the construction which was employed by M. Rochon, there 
is an .additional circumstance concerning the effect of such a 
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pair of wedges when otherwise combined, which fully es- 
tablishes the identity of the method here proposed with his. 
If the two wedges be placed with their edges together, so as 
to form by their union a wedge of 40°, the consequence is, that 
though a pencil of light is in fact divided into two parts by 
the first wedge? both parts in the end emerge together; the 
refraction of one being 0 + e, and of the other e 4- 0 : they 
both deviate from their original direction by exactly the same 
quantity, and present only a single image of the luminous 
object ; but it is coloured, as usual, in proportion to the amount 
of deviation occasioned by the sum of the wedges. This, 
without doubt, is the first of two opposite directions mentioned 
by M. Rochon, in which he says the double refraction was 
not perceptible. 

“ Pour cet effet,” says M. Rochon, “j’employai deux 
“ prismes cgaux tailles dans le sens le plus favorable a mes 
“ vues, et gn ies presentant dans les deux sens opposes je 
“ trouvai, que dans la premiere disposition la double refrac- 
“ tion n’6toit pas perceptible, mais, en faisant prendre a mes 
“ prismes un sens inverse, la double refraction de chaque 
“ prisme 6toit presque doublee." 

The correspondence in the effect which I have described, 
renders this passage from M. Rochon perfectly intelligible ; 
and I hope the directions above given will be sufficient , to 
enable any one to cut a crystal to the greatest advantage for 
making this sort of micrometer. But it must be observed, 
that in attempting such a construction, great nicety is requi- 
site, not only in cutting the wedges so that the refraction in 
each shall take place at right angles to the axis, but also in 
cementing them together, so that the axes of the two wedges 
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shall be at right angles to each other. And it may farther 
be remarked, that even then, unless the pencil of light pass 
truly in the common plane of refraction of the wedges, four 
images will be formed, so as to destroy the effect of the 
combination. 


From the Press of 
W . BULMER & Co . 
Cleveland-row , St. James's, 
London . 
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Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Hazy. 

Cloudy. 

Fine. 
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Fair. 

Fine. 

Fine. 

Fine. 
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Cloudy, rather hazy. 
Cloudy. 

Rain. 

Cloudy. 

Cloudy, dull weather. 
Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Rain. 

Fair. 

f Cloudy, a storm of 

i thunder, lightning, and 
[ hail at noon. 

Fine. 

Fine. 

Cloudy. 
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1 Cloudy. 

1 Cloudy tnd hazy. 

1 Fine. 

1 Rain. 

1 Rain. 
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1 Rain. 

3 Rain. 
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2.3 Rain. 
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1 Cloudy. 
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i Fine, 
i {Rain* 
x Fine, 
i Fine, 
i Cloudy, 
i Fine, 
i Cloudy, 
i Rain. 

i Cloudy and hazy. 
NW i Cloudy, snow at 1 o'clock. 
NNR 1,2 f Cloudy, a heavy fall 
\ of snow in the night. 

NW l.a Rain. 

W i Fair. 

W i Cloudy. ' 

W i Cloudy. 

U* 1.2 Cloudy, 

x Cloudy, 
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x Cloudy and hazy, 
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i f lazy and thick, 
x Rain, 
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x Cloudy and hazy, 
i Cloudy. 

Rain. 


i Cloudy. 
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Rain, a stormy night. 
Rain. 
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• The quicksilver in the bason of the barometer, is 8 1 feet above the level 
of low water spring tides at Somerset-house, 
f The Society's Rain Gage is 114 feet above the stae level, and 75 feet 
6 inches above the surrounding ground. 
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VIII. On a new principle of constructing ships in the mercantile 
navy . By Sir Robert Seppings, F. R. S. 

Read March pth, 1820. 

So deeply is this country in particular interested in whatever 
may tend to give additional safety to the number of persons, 
and the immense sums of money employed in commerce, that 
I trust I shall stand excused for again bringing to the notice 
of the Royal Society, the subject of the construction of ships. 
The description of vessels of which I am now about to treat, 
are those employed in our mercantile service, in the con- 
struction of which, the imperfections are such as on a close 
examination will, I conceive, leave but little doubt that lives 
and property to an immense amount, must, from time to time, 
have been sacrificed by the present injudicious mode of con- 
structing these ships ; and under that impression I have pre- 
sumed to lay this paper before the Society. 

And first, as to the principle on which mercantile ships are 
at present built, and particularly as regards the putting 
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together their ribs or frames, and the arrangement of die 
materials. 

In forming the frames or ribs, half of the timbers only axe 
united so as to constitute any part of an arch ; every alternate 
couple only being connected together : the intermediate two 
timbers (termed fillings) being unconnected with each other, 
and merely resting upon the outer planking, instead of giving 
support to it. Now, it must be very evident that ships so 
constructed, can by no means possess equal strength with 
those that have the whole of their timbers formed into frames 
or arches. 

This loose practice is, I believe, peculiar to the English 
merchant ship-builder; and indeed was pursued till very 
lately even in His Majesty's Navy, while the preferable sys- 
tem of connecting the ribs was common to other maritime 
powers. 

The principle of uniting the frames, lately introduced in 
the construction of English ships of war, might, no doubt, be 
also introduced into the mercantile navy ; which would give 
to the ships in that employ additional strength and increased 
durability, without adding to the expense of building. 

But the present mode of joining together the several pieces 
of the same rib, is also highly objectionable. It is done by 
the introduction of a third piece, technically termed a chock or 
wedge piece , (PI. VIII. Fig. i, marked A) of which pieces the 
number amounts to upwards of 450 in a 74 gun ship, and 
not less than that number in an Indiaman of isoo tons: (to 
which class of ships the drawings in this statement have re- 
ference.) Of these chocks not one in a hundred is ever re- 
placed in the general repair of a ship ; for they are not only 
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found defective, but very generally to have communicated 
their own decay to the timbers to which they are attached. 
Besides this, the grain of the rib-piece9 being much cut, to 
give them the curvature required, has a considerable share in 
weakening the general fabric. That they occasion a great 
consumption of materials, is obvious, as the ends of the two 
rib- pieces must first be cut away, and then be replaced by the 
chock. 

This mode of putting together the frame, is also peculiar 
to die English ship-builder ; and I find, from an old work in 
my possession, dedicated to George the First, that the prac- 
tice was introduced in the construction of English ships about 
tile year 1714 ; and having heard that so unfriendly to it was 
the builder (Mr. Naish) of the Royal William, that he re- 
fused to adopt it; and being desirous of ascertaining the fact, 
when that ship was taken to pieces at Portsmouth, in 1815 , 1 
found that she was built without the wedge pieces or chocks, 
to which, in a certain degree, 1 ascribe her strength and dura- 
bility ; her ribs being by her structure less grain-cut, and 
for want of chocks, less liable to decay in those ports where 
they are inserted. 

The introduction of chocks, was no doubt to procure that 
curvature which is so necessary in the formation of a ship, 
when crooked or compass timber became scarce; as may be 
seen by PL VUI. Fig. a. which describes the shape of a piece 
of timber hi the converted form ; and by which it will also bo 
seen, that the introduction of the chocks assists In obtaining the 
required curve. But this curve may equally be obtained by 
a different combination of materials, and at a considerable 
less consumption of useful timber. 
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The frames of a mercantile ship (on the present' mode of 
building) before they are placed and united to each other, 
may- be seen in PI. VIII. Fig. 3, with their chocks or wedge-' 
pieces. To the evils already stated of the present practice, 
may be added that of imperfect workmanship, so that the 
surfaces of the chocks are seldom in contact with those of 
the timbers ; and the ends of both are frequently reduced so 
thin, as to split by the fastenings that are necessary to secure 
the planks to the ribs; and thus the ship, in the event of 
grounding, or even in the act of rolling, derives little sup- 
port from timbers united only, in fact, by two narrow edges. 

Another great defect arising out of the present plan • of 
constructing mercantile ships is, that the ends of the lower 
ribs or timbers, commonly termed the lower futtocks, (PL 
VIII. Fig. 3. B) are not continued across the' keel C, so that 
no support is given in a transverse direction when the ship 
touches the ground ; nor any aid to counteract the constant 
pressure of the mast. This great sacrifice of strength and 
safety is made for no other purpose than that of giving a pas- 
sage for the water to the pumps. 

The floor timbers, which by this mode of construction are 
the only timbers that cross the keel, are also weakened for 
the same purpose, as shown at D, PI. VIII. Fig. 3. This mode 
also makes the conveyance of the water very uncertain, for 
the passage is not unfrequently choaked ; and the pumps 
(from its not being practicable to continue them sufficiently 
down) always leave from 6 to 8 inches of water in the ship ; 
so that these compartmeuts constantly contain a certain quan- 
tity of putrid bilge water, offensive and injurious to the health 
of those on board. 
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The deficiency of strength causes also ai* Claiming insecu- 
rity in the plank of the bottom, as shown at E, PL VIII. 
Fig. termed the garboard strake; which consequently, 
has no other fastening to the general fabric, than its connec- 
tion with the keel at F, PL VIII. Fig. 3. and a slight security 
at G, PI. VIII. Fig. 3 ; hence it is obvious, that in the event 
of the keel being disturbed, the garboard strake, from its 
being attached to it, must share the same fate as the keel, 
and in that case the loss of the vessel would be inevitable. 

. To obviate these serious defects, is the principal object of 
this paper. > , 

The principle I would recommend is explained in PI. IX. 
Fig. 4 ; by which it will be seen, that the component parts of 
each rib are of shorter lengths and less curvature, and con- 
sequently less grain-cut ; that they are more firm and solid 
by the substitution of coaks or dowels, for chocks or wedge- 
pieces ; and that the mode of connecting the lower timbers 
is better adapted, in the event of a ship grounding, to give 
support and strength to the fabric,, as will appear by the line 
marked H. 

The plan of connecting the ends of the timbers by circular 
dowels or coaks (as at I,) is simply that which has, from 
time immemorial, been practiced to unite the fellies of car- 
riage wheels ; and we learn from Mr. Wood, that the same 
method has been observed in joining together the separate 
pieces of the shafts of the stone columns in the ruins of 
Balbec. “ Little more of this great edifice (says this author) 
“ remains, than nine lofty columns supporting their entabla- 
“ ture. It is remarkable, that the shaft of these columns 
“ consists of three pieces most exactly joined together with- 
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“ out ceme nt , which is used in no part of the buildings, they 
" being strengthened with rn»> pins received into a socket. 
“ How much this method contributed to the strength of the 
« building? is remarkably seat in the most entire temple, 
“ where a column has fallen against the wall of die cel! with 
“ such violence, as to beat in the stone it fell against, and 
“ break part of the shaft, while the joinings of the same shaft 
“ have not been in the least opened by the shock." 

That the frame of the Thunderer, (now Talavera) built 
on this principle, is superior in point of strength, to a frame 
constructed on the common system, is fully established by 
a report frota the officers of His Majesty's Yard at Woolwich 
to the Navy Board, who directed them to compare the strength 
of the frames so united, with those of the Black Prince, con- 
structed in the usual way with chocks or wedges. 

It may he necessary to observe, that the frame of the 
Thunderer is composed of small timber, hitherto considered 
applicable only for the frames of frigates. I was prompted 
to attempt the introduction of the plan on which she is built, 
from there being a surplus store of small timber in the yard, 
and from a conviction, that a well combined number of small 
timbers, might be made equal, if not superior, both in strength 
and economy, to the large, overgrown, and fr e q uen tl y gram- 
cut materials, made use of in constructing the frames of laige 
ships ; and the result has shown the correctness of the prm- 
ciple ; the adoption of which cannot fail to prove of great 
national advantage, in the application of sloop timber to the 
building of frigates, and of frigate timber to ships of the line, 
whenever larger timber cannot be procured. On this prin- 
ciple also, may frigates and small ships of war, or merchant 



ofcmstnKtingsh^smthemerMntiUnavy. 199 

vessels, be built of straight fir, without the assistance of oak 
or elm, which wore formerly employed to give the necessary 
curvature of the sides. As it respects the general safety of 
the ship, it will be seen, by Fig. 5 and 6, PI. IX. X, that the 
timbers uniformly cross the keel ; that the frame of the ship 
is filled so as to form one compact body to the height marked 
K ; and that only certain internal strakes of plank, or thick- 
stuff, as it is termed, are introduced, which are those on the 
joints of the timbers, for the purpose of giving strength where 
every alternate timber necessarily joins, as shown at L (PI. X.) 
All the rest of the inner planking may be omitted ; and dun- 
nage battens, brought in a perpendicular direction, upon the 
timbers between the plank, as shown at M, forming regular 
spaces between each, as is usual at present upon the plank; 
thereby giving an increase of stowage in proportion to the 
thickness of the plank omitted. Water courses, as shown by 
dotted lines at N, are to be left in the joints of the timber 
under the (dank, for the purpose of conveying the water to 
the pumps ; which, by this plan, will reach below the water, 
instead of being some inches above, as is the case with the 
present mode, before described ; consequently, by the pro- 
posed system, no stagnant water will remain; and farther, 
the limber passage, or water course, will be one smooth, 
uniform channel, which can be cleared with ease, should it 
be required, whenever the hold is unstowed ; whereas at pre- 
sent it is inaccessible in places, and forms compartments for 
putrid water, without there being any means pf removing it. 

It is obvious, that a ship on the principle I have here re- 
commended, may sustain the loss of certain planks of the 
bottom, and also the keel, (which has frequently been found 
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to have happened t® ships of war pn their being tajten into 
dock) and still reach the place of her destination ; when the 
loss of either, would be the destruction of a ship builjt on the 
present mode. It will be evjdentalso, that a ship constructed 
as now recommended, possesses greater stowage, and more 
space for leakage, than by the old plan ; by the omission of 
the useless inner planking, and by laying die kentlage on 
dunnage, leaving a space for the water, which was formerly 
occupied by die inner lining. This dunnage in the bilge may 
be formed with the iron kentlage, and thereby serve as 
ballast, for which it is well calculated from its situation ; and 
by its occupying a space heretofore forming part of the fa- 
bric of the ship, will give an increase of stowage, as before 
stated. 

The best mode of closing the openings between the tim- 
bers, is by filling the intermediate spaces with pieces of wood, 
about three inches in depth, of such lengths as the inferior 
conversions will supply,- abundance of which may be pro- 
cured from the offal. These fillings are to be well caulked, 
alter which the exterior plank is to be brought on. When 
the works are going on within board, similar pieces are to 
be fitted internally, and afterwards taken out for the pur- 
pose of filHt^r the spaces between the pieces so fitted, with a 
mixture of Parker's Roman cement and drift sand, in the 
following proportions, viz. 

Parker's Roman cement, | 

Drift sand, - - - - f 

previously paying the opening well with coal tar. Where 
there is sufficient space, a brick, or part of one, may be in- 
troduced, provided there is room for cement between it and 



thetiiftbert. When filled in to within about two inches of 
the surface of die frame* the pieces of three inches already 
fitted and taken out, are to be well driven in and caulked, 
and by so doing, no space will be left unoccupied. If con- 
sidered desirable, these pieces may be driven below the sur- 
face of the timber, thereby leaving water courses to convey 
die leakage to the pumps in channels. And prior to launch- 
ing' or undocking of ships, built cm the principle I have re- 
commended, it has been the practice to inject the part filled 
in with mineral tar, by means of a simple forcing pump, 
boring holes in the joints of the timbers for the introduction 
of the pipe. By following this method, the air will be ex- 
cluded, which, as experience has shown, tends much to die 
durability of the fabric ; confirming the assertions made by 
Doctor Hales on this subject, in his work on Ventilators, 
published in 17 50, and also of Doctor Henry, in his work on 
the Elements of Chemistry. If what is here recommended 
be attended to, and mercantile ships were built under roofs, 
a3 ships of war now are, durability would be obtained in ad- 
dition to safety, from the mode of their construction. 

The beams are to be attached to the sides, as shown at O, 
PI. IX. Fig. 5. rendering wood kn^s unnecessary, and re- 
quiring only a small number of those of iron. 

PI. XI, marked P, describes the old principle of framing 
the stern with transoms. * Q, the new principle, with timbers 
similar to the bow, omitting the transoms below the wing or 
upper ’transom ; and by introducing the new principle on 
which the floors are made, the necessity of using valuable 
compass, or crooked timber, hitherto required, and with 
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difficulty procured for these purposes, is avoided. Uniform 
support will thus be given, and- also an increase of room for 
stowage. f 

In large mercantile ships above 500 tons, I would recom- 
mend that plate-iron be laid diagonally, as shown in PL X. 

The principle now recommended will cause a decrease in 
the consumption of materials, and the difficulty of procuring 
the necessary curvature will be obviated . It also affords pro- 
tection from worms externally , and vermin internally. Leaks 
may be more easily discovered and stopped than by the old 
method ; and in point of additional strength, there can be no 
doubt. But were farther proof required,- 1 need only state, 
that the Malabar, of 74 guns, built at Bombay, arrived at 
Portsmouth in October last, loaded to her upper deck with 
timber, and during her passage encountered four heavy gaies 
of Wind, without showing a symptom of weakness, as will 
appear by the following Extract from the Survey made by 
the Officers of Plymouth Yard, on that ship, by order of the 
Lords Commissioners of the Admiralty. 

“ When we consider the nature of the lading that this 
“ ship has brought home, with the temporary security to 
the beams of all the decks, except the orlop, and that on 
“ her passage she encountered four very severe gales of 
“ wind, it must, we presume, be very gratifying to your 
“ Honorable Board to find, that she does not indicate any 
“ past symptoms of weakness or straining in any part.” 

This ship had no other attachment for her beams than the 
internal hoops and thick waterway ; the remainder of her 
security, the iron knees, being omitted, (from the difficulty of 
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procuring them in India) until her arrival in this country ; 
thus supporting her cargo without the aid of knees, either of 
wood $r iron. 

The advantages of this plain, but important subject, particu- 
larly in point of safety, has induced me to bring it before the 
Society, in the hope that its utility and importance to this great 
maritime nation, may plead an excuse for the absence of ab- 
stract science, to which the attention of the Society may, per- 
haps, be more peculiarly directed. 
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IX. On the milk tusks, and organ of hearing of the Dugong. 

By Sir Everard Home, Bart. V. P. R. S. 

Read April 13th, i8ao. 

I have found nothing that so much promotes the enquiry 
respecting those animals with which we are little acquainted, 
as laying before the public the materials, however scanty they 
may be, that have been already procured. 

By making those materials generally known, naturalists 
have their minds awakened to the enquiry, and are not only 
more disposed, but better able to take advantage of such 
opportunities as come within their reach, to advance our 
knowledge of that subject. 

This at least has happened in so great a degree with respect 
to the fossil bones of the Proteosaurus, of which very little 
was known at the time I laid my first observations upon them 
before the Royal Society, that I am induced to make a similar 
trial respecting the Dugong, which, I believe, has never been 
seen of its full size, by any one conversant in comparative 
anatomy. 

On the present, as well as on former occasions, it is not 
the whole structure of the animal that has attracted my no- 
tice, but such parts of it as differed in form from similar parts 
in other animals most nearly allied to it ; as I consider that all 
peculiarities of this kind are deserving of the notice of this 
Society, since they bring to our knowledge a new construc- 
tion of parts, and therefore make us acquainted with animals 
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that form intermediate links in the chain of gradation between 
those that are already known. The truth of this observation 
is very strongly illustrated in the proteosaurus. 

Our knowledge of comparative anatomy has been so 
much encreased in extent within the last few years, that we 
can now better, than at any former period, attempt the ar- 
rangement of animals into a regular order, according to their 
internal mechanism ; showing that they form so many parts 
of one great system of structures ; and if the pursuit is fol- 
lowed with the same ardor, and attended with the like success, 
we may soon expect to have all the material links of this 
great chain made out. 

To assist our progress towards this end, the great purpose 
for which comparative anatomy is cultivated as a science, I 
have in all my researches into the structures of ahimals, or 
their fossil remains, kept it in view. 

The observations I now bring forward respecting the milk 
tusks, and organ of hearing of the dugong, have been made 
upon a skull of that extraordinary animal, in a very perfect 
state of preservation, sent to me, by my friend Sir Thomas 
Stamford Raffles, from Sumatra. 

There are three skulls which I may say have come under 
my observation, of animals nearly of the same age, but not 
entirely so, for although the rnilk tusks at their points in all 
of them, put on the same appearance, that is not the case with 
their other extremities. One of these skulls is in the posses- 
sion of M. Cuvier, and a figure of it is engraved in the thir- 
teenth volume of the Annales du Musei cf Histoire Naturelle ; 
and also in the fourth volume of his work, entitled Recherches 
sur les Ossimtns Fossiles des Quadrvpedts. In this figure the 
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bones of the ear are not represented; and as in that styge 
of the animal's growth they have no bony connection with 
the skull, there is sufficient evidence of their having belonged 
to a young animal. Another skull is in the collection of 
comparative anatomy belonging to Mr. Brookes, in London. 
In that also the organs of hearing are wanting. The third 
is in my possession, and is the subject of the present obser- 
vations ; in this the bones of the ear on both sides of the skull 
ate preserved, although they have acquired no bony connec- 
tion with the skull. 

The first examination which it occurred to me to make, 
was respecting the length of the tusks, the points of which 
were the only parts exposed. For this purpose, one of the 
bony canals, composed of the bones of the face in which the 
tusk is contained, was laid open, and one of the tusks was 
removed from its socket, and a longitudinal section after- 
wards made of it. The whole of its substance was found to be 
solid, showing that it had arrived at its full growth, and was 
therefore only a milk tusk : at the posterior extremity there 
was a small shallow cup composed of the same materials, which 
appeared to be no part of the tusk itself, but, as it were, fixed 
to the end of it. This was contained in a corresponding cavity 
adapted to it, in the skull ; but upon the upper surface, the 
bony table of the skull was entirely removed to some extent 
by absorption, so that the shallow cup at the root of the tusk 
was exposed externally, giving the skull at that part a very 
extraordinary appearance. In Mr. Brookes’s specimen, the * 
aperture through the external table of the skull is to a latfi 
extent, than in my specimen, but exactly of the -carry* i r fr yj 
In M. Cuvier's skull, there is no appearance of xny breach, in 
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the upper table whatever, so that the process of absorption of 
the outer table of the skull, to make room for the fomiation 
of the permanent tusk, had not begun to take place. 

When the section of this tusk was compared with a similar 
section of the milk tusk of the narwhal, and of the elephant, 
I found that in its internal structure it closely resembled them ; 
and I noticed that the external surface in all of them was 
deficient in smoothness, when compared with the permanent 
tusks of those animals. 

In the narwhal, the root of the milk tusk terminates in a 
rounded blunt end, behind which there is no appearance of 
any preparation for the formation of the permanent tusk ; 
so that there is no evidence of that tusk having its origin in a 
cell similar to those of the dugong ; but by comparing the 
place where the root of the milk tusk has its origin.with that 
of the permanent tusk in the same animal, for the two tusks 
in the narwhal come forward at such different periods of time, 
that this comparison may be made even when one permanent 
tusk appears tc^pave arrived at its full growth, or nearly so ; 
at which time the rudiments of the corresponding permanent 
tusk have not begun to be formed, and the depth in the skull 
of the milk and permanent tusk exactly correspond. 

As the permanent tusk in the narwhal begins to form in a 
direct line immediately behind the origin of the milk tusk, 
the great purpose of the milk tusk is evidently to open the 
road for, and to direct the course of the permanent tusk, till 
it is completely pushed out by it. In the elephant, both of 
whose tusks appear at the same time, and whose skull en- 
creases in size much more rapidly than that of the narwhal, 
the permanent tusk has its origin even farther forward than 
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the milk tusk ; but then it afterwards has an increase back- 
wards in the space between the tables of the skull, which the 
tusks of the narwhal have not ; and in this growth back- 
wards, which is very slow, corresponding to that of the skull, 
absorption of the upper table previously formed, is produced, 
to make room for it. In this way the sockets of the ele- 
phant’s tusks, which are shallow when the animal is young, 
acquire an increase of depth as the elephant grows up, to give 
it sufficient firmness in the skull to support them in the ex- 
ertions that are made with them. 

A similar absorption to what takes place in the upper table 
of the skull in the elephant, is shown to occur in thedugong; 
it is however probably at a different period of the animal's 
growth, as the milk tusk in the elephant is shed between the 
first and second year, and the absorption of the upper table 
many years after; but in the dugong, the absorption of the 
skull takes place just as the milk tusks begin to extend 
themselves beyond the gums, but the age at which the animal 
has at this time arrived is not known. ^ 

The use of the shallow cup, which appears to be an ap- 
pendage peculiar to the milk tusk of the dugong, forming no 
part of the tusk itself, would appear to be for the purpose of 
receiving the point of the permanent tusk as soon as it is 
formed ; so that as the milk tusk advances in the act of its 
being shed, the other may be directed forwards in the same 
course, which is different from that in which it set out. 

The facts that were brought forward in a former paper upon 
the milk tusks of the narwhal, explained many circumstances 
in the natural history of that animal which were involved in 
obscurity ; and the observations that are now made upon the 
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tusks of the dugong, show that the milk tusks have been 
mistaken for the permanent ones, and that the real appearance 
of the permanent tusks of this animal is at present unknown. 
Having corrected so great an error in the natural history of 
this animal, we must wait till we are so fortunate as to pro- 
cure the skull of a full grown dugong, before we attempt to 
form any analogies between its tusks and those of other 
tribes of animals. 

The grinding teeth, as will be seen in the annexed plate, 
are not exactly similar to those of any known animal, but 
form an approach to the hippopotamus. They consist of 
two cones united together ; but when a transverse section is 
made, there is no line of separation, the whole being uniform ; 
the external crust is not enamel, nor is it the hardest part ; a 
little within it, there is a narrow rim of a yellow colour, that 
describes an oval figure, much more dense than the rest of 
the tooth, although to the eye there is no apparent difference 
in its texture ; all that is within this rim is soft ivory ; so that 
these teeth in wearing down will always have the crown 
rendered concave. 


On the organ of hearing. , 

In examining the organ of hearing of the dugong, which 
was done with more facility, as the skull had not been com- 
pletely formed, I met with a peculiarity, that does not belong, 
as far as I am aware, to any other tribe of animals. The 
malleus and incus, which have nearly the same shape as in 
other animals, are fastened to the sides of the tympanum by a 
bony substance extending across the intervening space. The 
malleus is in this way connected to one side of the tympanum, 
MDCCCXX. X 
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the incus to the other, so as to render these ossrcula in a 
great measure immoveable. The stapes is unconnected with 
the foramen ovale, to which it is opposed ; nor is it anchy* 
losed with the ramus of the incus. The handle of the malleus 
projects in the centre of the circle over which the membrana 
tympani had been spread, so as to leave no doubt that, in the 
living animal, it is attached to the centre of that mem* 
brane. 

The nearest approach to this mechanism, is an attachment 
by bony union of the malleus to one side of the tympanum, 
which Mr. Hunter, in his paper on the Anatomy of Whales, 
states he had met with in some of that tribe ; but does not, 
(which is unfortunate) mention in what species. He says 
not in the porpoise ; and the author knows it is not the case in 
the balaena mysticetus ; so that this structure does not belong 
to those genera that live principally upon the surface, nor to 
those that penetrate the unfathomable depths ; and as Hunter 
describes the organ at length in the pike- whale, without 
mentioning this peculiarity as part of the description, it could 
not have occurred in that species. This renders it probable 
that he met with it in the grampus, or the bottle-nose, and it 
is very likely in both, as he insinuates that it is not confined 
to one genus. 

The dugong feeds on the plants that grow at the bottom 
of the sea, and comes in great numbers to the harbours of 
uninhabited islands, and remains for many hours in the shoal 
water, where it finds food : at least this account is given of its 
habits by Mr. Leguat, who, with several companions, spent 
nearly three years in an island previously uninhabited, about 
fifty leagues from the Mauritius, and the dugong was a 



and organs of hearing of the dugong. 151 

principal part of their food. It is from him we learn that their 
usual length is twenty feet ; but that catching them full grown 
was a service of danger ; nor were they so delicate as food for 
the table. This gentleman’s account was published in 17*0, 
and is written with so much apparent candour, that there is 
no reason for doubting the veracity of his narrative. 

As these habits are allied to those of the hippopotamus, I 
inquired whether this peculiarity of structure exists in the ear 
of that animal, but find there is nothing of the kind ; all the ossi- 
cula are separate, and very readily drop out of the cavity of the 
tympanum when the skull is deprived of the soft parts. There 
are peculiarities in the mechanism of this organ in the hippo- 
potamus which deserve being mentioned. The projecting 
ear and meatus auditorius externus, have a higher situation 
upon the head than in most other animals ; and the tube that 
passes down to the membrana tympani, is one straight line. 
The bony portion of it is four inches long, its direction from 
the external surface of the head down to the membrane, 
is at an angle of 45®, and its termination is upon a ledge which 
forms a slight projection beyond the bony ring to which the 
membrana tympani is attached ; the space on the outer sur- 
face of the membrane, between it and the opposite side of 
the tube, is so small, that it cannot exceed the thickness of 
the membrane itself. The ossicula are small, when the size 
of the animal is considered; but the cochlea makes two turns 
and a half, which is by no means common ; the semicircular 
canals have the usual appearance. 

This animal I understand, from every enquiry I have been 
able to make, when it goes down into the water to feed at the 
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bottom, allows itself to sink by its own weight, descending 
in a standing posture, so that as soon as the head is covered, 
the water would pass into the tube of the ears, were there 
not something like a valve at the orifice of the meatus ex- 
temus to prevent it. In other animals that live in the sea, 
or are much under water, there are contrivances, very dif- 
ferent from this, to prevent the water getting into the tube 
of the ear. In the whale tribe, the external orifice is so 
extremely small, as to exclude it. In the seal, the meatus 
externus makes a turn nearly circular, to answer the same 
purpose; In the ornithorhyncus paradoxus, the external 
opening is at a great distance from the organ ; and the 
meatus, which is the size of a crow quill, and cartilaginous, 
winds round upon the temporal bone. The external meatus 
in the walrus, I have not had an opportunity of examining ; 
the orifice in the bony tube corresponds in size with that of 
the hippopotamus, its termination at the membrana tympani 
is less oblique, and its direction horizontal. The ossicula in 
the hippopotamus are small, the stapes is imperforate, and 
the bones have no bony union. 

The external orifice of the meatus externus in the dugong 
is extremely small, so as readily to exclude the water. The 
cochlea is very small, making only one turn and nearly one 
half. The semicircular canals are also exceedingly small. 
The peculiar bony connections to the tympanum, connecting 
the malleus and incus with the bones of the skull already 
described, lead to the idea that this animal is more indebted 
for its hearing, than any other that lives in water, to the 
vibrations received by the bones of the skull, being commu- 
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nicated, through the bony connections that have been men- 
tioned, to the ossicula, and from thence to the cochlea, and 
semicircular canals. 

This animal, although the tail is horizontal, possesses the 
sense of smell, since there are orifices in the cerebriform 
plate of the skull for the olfactory nerves. 


While this paper was in the press, I have been so fortunate 
as to receive from Sir Thomas Stamford Raffles, another 
skull belonging to a dugong, 8 feet long, in which the milk 
tusks had been shed, and the permanent ones ^d acquired 
sufficient length to show the degree they project beyond the 
bony sockets, and the manner in which they are worn down, 
by rooting up the plants while feeding. They are consider- 
ably broader than the milk tusks, even at their points, ex- 
plaining the use of the cup at the end of the milk tusk being 
wider than the tusk itself, to admit of the point of the perma- 
nent one having this encreased breadth. 

These tusks bear a near resemblance to those of the hog, 
the points being turned a little outwards, and they wear down 
in the same manner. 

It is not a little remarkable, that in writing this paper upon 
the milk tusks, I should have an opportunity, during an acci- 
dental delay in the press, of being furnished with materials to 
show the appearance of the permanent tusks, which forms so 
essential a character of the animal, and also to prove that 
while young, there are incisors in the lower jaw ; two of 
them in the jaw of this skull having been accidentally en- 
tangled (while shedding,) in the new bone that was closing 
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up the socket, and consequently retained there. This is a 
curious additional fact, and is so far an approach to rumi- 
nating animals, whose incisors are only in the lower j§w. 
These incisors enable the young dugong to crop the tender 
Plante; butareno longer wanted when the animal grows sp. 

" A v , > ' 
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Plate XII. 

This plate consists of* three figures. 

Fig. 1. A side view 6 f the first Skull of the dugong, sent 
by Sir T. S. Raffles, in which the organ of hearing is in 
its place, a^|| one of the tusks exposed through its whole 
length. 

Fig. s. The longitudinal section of the tusk. 

These two figures are in the proportion of half an inch to 
one inch. 

Fig. 3. An exact copy taken from Mr. Cuvier’s represen- 
tation of the dugong's skull, the proportions of which are not 
mentioned. 

Plate XIII. 

This plate consists of three figures, in the proportion of 
half an inch to one inch. The first represents the basis of 
the skull of the dugong with milk tusks ; the second, the 
appearance of the permanent tusks in situ ; the third, the 
section of the permanent tusk. s 

Plate XIV. 

This plate consists of four figures. 

Fig. 1. The lower jaw of thesfcull represehted in PI. xm. 
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Fig. *. The remains of two incisors in situ ; both these 
figures are in the same proportion. 

Fig. 3. The two incisors in a shedding state, removed from 
the jaw, of the natural size. 

Fig. 4. A transverse section of one of the dentes molares, 
represented also of the natural size. 
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X. Upon the different qualities of the alburnum of spring and 
winter-felled oak trees. By Thomas Andrew Knight, Esq. 
F.R.S. 

Read April 20, 1820. 

The timber of oak trees, felled in winter, was formerly very 
generally believed to be much superior in quality to that 
afforded by similar trees felled in spring; and the same 
opinion appears to be still rather extensively entertained ; 
though the practice of felling in winter has wholly ceased, on 
account of the encreased value of the bark. But efforts have 
been made, and supposed to have been successful, to obtain 
the advantages of both seasons of felling, by taking off the 
bark in spring, and suffering the tree to stand till the ensuing 
winter. A good many facts, which had come within my own 
observation, and information which I received from other 
sources, had satisfied me that the durability of the alburnum, 
at least, of oak trees is considerably increased by this mode 
of management; and I was, consequently, led to make 
a few experiments ( with the result of which I now take the 
liberty to trouble the Royal Society ) with the hope of dis- 
covering the cause of this supposed superiority in the quality 
of the wood of winter-felled trees. 

In the spring of 1817, two oak trees, of nearly the same 
age, and growing contiguously in the same soil, were selected, 
each being somewhat less than a century old. The one was 
deprived of its bark, to as great an extent as the inexperience 
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of my workmen permitted me to have done without danger to 
them, and it was then suffered to remain standing. The other 
tree was felled, and, in the usual manner, immediately stript 
of its bark ; and the trunk was then removed to a situation 
in which it was securely protected from the sun and rain. 
The following winter, in December, the other tree (which 
still retained life) was felled, and its trunk immediately placed 
in the same situation with that of the other tree; pieces of 
each, selected from similar parts, have been subjected to the 
following experiments at different subsequent periods. 

Small blocks, of similar form and size, were taken from 
the alburnum of each tree ; and after these had ceased to lose 
weight, in a very warm and dry situation, the specific gravity 
of each was ascertained ; when that of the alburnum of the 
spring-felled tree was found to be 0,666, and that of the same 
substance of the winter-felled tree to be 0,565, taking the 
average of several pieces of each. I had anticipated a loss 
of weight to about this amount in the alburnum of the winter- 
felled tree, having inferred, from former experiments, that 
it must have given out a large quantity of matter in the spring 
and early part of the summer, to form the leaves and young 
shoots, which quantity could not have been restored to it 
during the summer, on account of the descending current of 
sap through the bark having been wholly intercepted. 

Small blocks of equal weight of the alburnum of each 
tree were divided by cleaving into thin pieces ; and these, 
after having become perfectly dry, were suspended together 
during ten days, in a somewhat damp room ; when 1000 
grains of the alburnum of the spring- felled -tree were found 
to have gained 162 grains, and an equal weight of that of the 
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winter-felled tree 145 grains ; and I found that each sub- 
stance permanently retained moisture nearly in the same pro- 
portion that it absorbed it. The alburnum of the oak, as of 
other trees, therefore, undergoes some change of properties 
in the spring; and I do nqt entertain any doubt but that, in 
all cases in which it is expedient to give durability to that 
substance, much advantage may be obtained by taking off the 
bark in spring, and suffering the trees to stand till winter. 
The durability of the alburnum of large oak-trees of British 
growth is not, however, generally an object of much conse- 
quence ; because it almost always lies wholly exterior to the 
heart wood ; but in the oak timber, which is imported from 
the North of Europe, the alburnum and heart wood are very 
often intermixed, the growth of ten or a dozen years, or more, 
of alburnum and heart wood composing, in alternate layers 
of unequal depth, the whole body of the tree ; and the value 
of the timber of such trees, is probably much affected by the 
season of felling. 

Many experiments, similar to the preceding, were made 
upon the heart wood, in which I found the disposition to 
absorb moisture, somewhat greater in that of the spring-felled, 
than in that of the winter-felled tree ; and I scarcely entertain 
any doubt but that the winter-felled heart wood is the best, 
and most durable ; but I do not think any conclusion can 
safely be drawn till the heart wood of many trees has been 
subjected to experiment ; and therefore, as I have no evidence 
to offer which is in any degree conclusive, I shall not at pre- 
sent trespass farther upon the attention of the Society. 


Downton , 
March 29, 1820. 
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XL On the mode of formation of the canal for containing the 
spinal marrow, and on the form of the fins (if they deserve 
that name) of the Proteosaurus. By Sir Everard Home, 
Bart. V.P.R.S. 

Read May 4th, 1820. 

T he last communication respecting the bones of the Proteo 
saurus which I laid before the Royal Society, contained so 
many important facts connected with the skeleton, that there 
was no room left to hope, I should ever again call the atten- 
tion of its members to this subject. 

Yet such has been the exertion made by some persons 
employed by Colonel Birch, to explore the cliffs at Lyme, in 
search of fossil organic remains, from an expectation that 
they will receive the full reward of their labours, that many 
new specimens have been lately collected ; in one of these 
which Colonel Birch has submitted to my observation, several 
bones are met with that have not been described, and which 
give a very important character to the vertebrae, and also form 
a more complete set of the bones of the fin. Of these I shall 
give a description, where their appearance is not sufficiently 
illustrated by the annexed Plate, (PI. XV.) 

Although the bodies of the vertebrae of this animal have 
been more frequently met with than any other bones, the 
manner in which the canal for the spinal marrow is formed, 
has not till now been made out. In this specimen we find 
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in what manner that is done, and in this as well as in many 
other particulars, the skeleton differs from that of other 
animals. 

Fn all the lizard tribe, the vertebras, like those of other 
quadrupeds, consist of a body, two transverse, and one spi- 
nous process, surrounding a central hole, which forms the 
spinal canal ; the vertebrae of the different tribes of Proteus 
have the same structure, as is shown in a Plate annexed to 
my former Paper upon that subject. In cartilaginous fishes, 
the mechanism is very different ; the bodies of the vertebrae, 
properly speaking, form the spinal column ; and the canal 
for the spinal marrow is surrounded by separate cartilages, 
united to the vertebrae, by projections fitted to corresponding 
notches in the side of each vertebra. Through the whole 
length of the tail, a similar canal is formed upon the under 
edge of the yertebrae, in which are contained and defended 
from injury, the great artery and vein. In the fossil remains 
of the shark tribe, the bodies of these vertebrae are very fre- 
quently met with, and have hitherto been readily distin- 
guished from all others by these peculiarities. 

The structure of the vertebrae of the Proteosaurus, is some- 
thing intermediate between the two kinds which I have de- 
scribed. It is composed of bone, as in the lizard tribe, but 
consists of a body only, behind which is a canal for the spinal 
marrow, and the spinous process with two lateral branches 
which belong to it, quite distinct from the body of the ver- 
tebra, and between these there is no bony union, but a species 
of joint peculiar to themselves ; the canal thus formed, de- 
fends the spinal marrow from injury, equally as when the 
whole vertebra is in one piece ; it is unusually small. The 
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bodies of these vertebrae, when met with without the spinous 
processes, have so close a resemblance to the vertebrae of 
the shark in a fossil state, that they have till now been mis- 
taken for them ; and I found several of them preserved in 
the Hunterian Collection, marked as belonging to that 
fish. 

The particular structure which I have endeavoured to 
describe, will be more readily understood by a reference to 
the annexed Plate, ( PI. XV. ) in which it is very accurately 
represented. 

In the same figure in which the manner of setting on the 
spinous process to the vertebra is shown, there is (what I 
have never before met with ), one of the feet paddles or fins, 
(for it is difficult to say which of these names is the most 
proper ), in which the bones are nearly complete ; for although 
some of the smallest are wanting, there are quite enough to 
give a tolerably exact figure of the outline ; of this no other 
specimen has afforded the most distant idea. This outline 
certainly has more resemblance to that of a fin, than to any 
of the fore feet of the tribe of lacerta, or the seal, or even the 
turtle ; and, what is the most remarkable circumstance, there 
is nothing in any way correspondent to the thumb, or claw 
for laying hold, which distinguishes the animals that occa- 
sionally inhabit the sea, and -come ashore for the purpose of 
laying their eggs, or depositing their young. It certainly 
has the appearance of a fin ; but if in future it is to be de- 
signated under that name, it is always to be understood that 
this fin, contrary to every thing hitherto known in nature, is 
made up of bony materials ; and it is from the great number 
of bones of which it is composed, and the correspondent 
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number of joints by which these bones are united to each 
other, that it is enabled to perform the office of any thing 
resembling the fin of a fish. 

,Jn the whale tribe, they are not properly fins, (although 
they cannot deserve any other name) as they contain the same 
series of bones as in the seal ; and yet no reason can be given 
why that is the case. In the Proteosaurus, which partakes 
more of the fish than of the whale tribe, there is probably a 
greater degree of nicety of adjustment of motion wanted 
than in the whale, and consequently a greater subdivision of 
parts, to compensate for the unyielding materials of which 
these parts are composed ; and in this instance there are more 
than two hundred bones, which must greatly exceed the 
number of cartilages met with in the fins of the shark. 

The facts shown in this specimen, it will be admitted, are 
of considerable importance, in making us more intimately ac- 
quainted with the skeleton of this most extraordinary animal. 
The second figure contained in the same Plate, (PI. XV.) is of a 
less interesting nature, because the parts have been repeatedly 
shown upon former occasions ; and although there is suffi- 
cient resemblance of parts to give the idea of this figure 
belonging to the same skull as the other, on which the facts 
that have been detailed have their dependance, if that is 
admitted, much intervening substance must have been lost. 
In this figure, the teeth are better seen than in any other 
that I have examined ; they are distinctly grooved on their 
surface up to their points, and are firmly fixed in the jaw, 
so that they are all preserved in their proper place. 

The section of the nose, represented in PI. XVI. shows that 
the nostrils are continued on to the point of the nose, and 
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the section of the teeth determine their mode of growth to 
be the -same as in the crocodile. 

At the dose of this paper, I have much satisfaction in 
stating, that the bones of the pelvis, the only ones not yet 
described, have at last been brought under my observation, 
in a specimen found at Watchet.in Somersetshire, and lately 
purchased for the Museum of the Royal College of Surgeons 
in London. The specimen is four feet six inches in length, 
and in consequence of the bones having been little disturbed, 
is in all respects more complete than any other specimen that 
has been met with. The bones of the pelvis are, however, 
in this specimen too much pressed upon one another to 
admit of a satisfactory drawing being made cf them ; but 
they resemble so closely those of the crocodile, as to make 
any representation unnecessary. 

All the fossil bones of the proteosaurus which I have de- 
scribed, belong to the same species ; but I have seen bones 
of another species, which differs from this in the following 
particulars-— the upper jaw is much longer, narrower, and 
comes more to a point ; the teeth were so loosely fixed in the 
jaws, that hardly any are met with in their sockets ; that 
part which had been enclosed by the gum was grooved ; the 
other portion is very slender, has a polished surface, and 
comes to a sharp point. 

The long bone belonging to the anterior fin in both spe- 
cies is as large again as that belonging to the posterior, but 
both these bones are flatter and longer in the new species; 
and where .articulated with the two small bones of the fin, 
send a short process between them ; there is also a deep notch 
on the outer or lower side of one of these two small bones. 
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EXPLANATION OFTHE PLATES. 

PLATE XV. 

This Plate consists of two figures, representing portions of 
the skull, jaw, and other parts, of the natural size. 

Fig. 3. A portion of the skull behind the orbit. The two 
principal objects in this figure are, the mode of articulation 
of the spinous processes with the bodies of the vertebrae of 
the back, forming the canal in which the spinal marrow is 
contained ; and the fin of this animal in the most perfect 
state yet discovered, one hundred and seventy separate bones 
remaining in their natural situation. 

Fig. s. Shows the anterior portions of both jaws, which 
appear from their size to have belonged to the same skull as 
Fig. 1 , having been found in the same situation; allowance 
must however be made, for a considerable intervening por- 
tion having been lost. 


PLATE XVI. 

Represents a transverse section of the nasal bones, of the 
natural size. 

This is the only opportunity that has offered of seeing the 
cavity of the nostrils. 

The teeth and their sockets in both jaws were accidentally 
divided in making the section of the nbse, and their internal 
structure exposed, from which it appears, that the mode of 
growth is similar to that of the crocodile; the succeeding 
tooth filling up the cavity of that which preceded it. 
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XII. Some experiments on the fungi which constitute the colouring 
matter of the red snow discovered in Baffin’s Bay. By Francis 
Bauer, Esq. F. L. S. In a Letter addressed to the Right 
Honourable Sir Joseph Banks, Bart. G.C.B. P.R.S. &c. &c. 

Read May 11th, 1820. 

Sir, 

The continuance of the severe cold weather, and the fre- 
quent falls of snow, during last winter, afforded me ample 
opportunity for investigating the nature and economy of the 
fungi, which constitute the colouring matter of the red snow, 
discovered in Baffin’s Bay, on the 17th of August, 1818, 
during the Northern Expedition, under the command of Cap- 
tain Ross ; and I have now the honor- of laying before you, 
the result of my investigation ; and if you should consider it 
to merit the notice of the Royal Society, I should feel highly 
honoured by its being communicated to that learned Body, 
through your favor. 

Since the month of March, 1819, I preserved in a small 
glass, a portion of the original sediment of the red snow, 
brought from Baffin’s Bay, during which time the fungi, 
which constitute that sediment, had considerably increased in 
number ; but the newly formed fungi remained ever perfectly 
colourless, and formed a kind of whitish crust, at the top of 
the red sediment. 

With a view to ascertain whether those fungi really ve- 
getate, and propagate in the snow, after draining off the 
mdcccxx. Z 
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water, l carefully separated the colourless crust, and takingout 
of the glass the greatest part of the red sediment (which I 
Intended for another experiment, but which failed, and 
be described hereafter) I filled the glass again with water, 
and left it at rest for several hours; when the few fungi 
which were left ip the glass, formed a slight sediment of 
about ^ part of an inch in thickness, at the surface oi 
which the colourless crust, about ^ parts of an inch in thick- 
ness, remained. Fig. 1. in the annexed Plate (PI. XVII.) 
is a correct representation of the glass, and the quantity add 
proportion of its contents. ' 

On the jpth of December, 1819, when we had the first 
fall of snow, I marked with a diamond on the glass the 
precise height of the mass of sediment it contained, and after 
carefully draining off the water, I filled the glass with snow, 
which I pressed in as hard as I could, by which means the 
fungi became completely mixed and immersed in the snow. 
Thus prepared, I put the glass into a wire bird cage, to pre- 
vent its being disturbed by birds, or any thing else, and 
placed the cage in a N. W. aspect, in the open air. The 
weather was then very cold, and on the following morning, 
the nth of December, the thermometer was »6 degrees 
below the freezing point. On the 13th of December the 
weather suddenly changed and became milder, and about 
noon the snow in the glass was entirely dissolved ; on exami- 
nation, after the glass had been fifty-two hours in the open 
air, I found the whole contents had formed a sediment, and 
had become of the same red colour as the original sediment 
was; but no increase in quantity was then perceptible ; see 
Fig. 2. ■ . ■ . 



of the fid show tikewmd m Baffin's Bay. 167 

I inlfinediately poured off the water, and filled the glass 
againwitfa enow, in the same manner as before, and exposed 
it in the ope? air. where it remained until the morning of 
the 17th of December, when a general thaw had begun; 
on examination I found the snow in the glass .was not quite 
dissolved, but was a lump of ice, perforated, and hill of cells, 
like a honeycomb, and the mass of fungi was raised in little 
pyramids ; see Fig. 3. 

From the 17th of December till the *8th, the weather 
continued very mild, and we had no snow till the morning 
of the &8th.; on that day I filled the glass again with fresh 
snow; but perceiving a slight increase in a very small par* 
tion of fungi that were accidentally smeared on the corner 
of the mouth of the glass, when on the 13th of December 
I took out some of the sediment for examination, and sunk 
the small glass, with its contents, into a larger cylindrical 
glass, also filled and pressed with snow, to afford to that 
portion of fungi room for increasing and spreading in the 
snow ; and in that state I exposed the whole in the open 
air. 

From the s8th of December, 1819, to the 10th of January, 
i8so, the cold and frost continued very severe, but on the 
latter day, after the glass had been buried fourteen days 
under the snow, I took it out, to see what change might have 
taken place during that time ; on clearing away the external 
snow and ice, I found the appearance of the contents of the 
small glass, exactly aa represented in Fig. 4. 

The snow was frozen to a hard mass of ice, which was 
beautifully perforated and full of small cells, and the whole 
mass of fungi was raised in a pyramidal form, almost to the 
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mouth of the glass, filling and occupying the perforations 
and cells in the ice ; and from the base of the sediment, in- 
numerable small air bubbles were visibly and, rapidly evolv- 
ing, by whose means, I think, the fungi are raised in the 
manner they are found during the time that the snow is dis- 
solving. The small portion of fungi in the comer of the 
glass had also considerably increased, and spread in the snow 
above the small glass : see Fig. 4. 

After making a drawing of the above described appear- 
ances, I deposited the small glass again into the larger one, 
which was filled with snow, as before, and exposed in the open 
air, where it remained till the 19th of January, i 84 o, when 
the weather changed, and a sudden and general thaw set in ; 
after all the snow and ice were dissolved, and the glass stood 
several hours at rest, I had the satisfaction to find the appear- 
ance of the contents of the small glass, exactly as repre- 
sented by Fig. 5. 

If the sediment in the glass, represented in Fig. 5, is com- 
pared with that of Fig. 2, it is evident that, (though a con- 
siderable portion of the sediment had at several times been 
taken out of the glass for examination, and by the frequent 
changing of the water, some loss was sustained) the increase 
of fungi, within less than two months, has been more than 
double. 

The only difference I observed, on examining the indivi- 
dual fungi of the newly formed sediment, was, that the num- 
ber of larger than ordinary sized full grown fungi was greater 
in the newly formed sediment, than I ever found in the origi- 
nal sediment, brought from Baffin's Bay, where the ordinary 
size of the full grown red fungi is about a part of an 
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inch in diameter, and the largest are about tygs P art of an 
inch in diameter ; the number of large fungi, in proportion to 
those of the ordinary size, is as 1 to 100; but in. the. newly 
formed sediment, after the above described experiments,. I 
found many of the larger fungi to be as large as part 
of an inch in diameter, and the number of large fungi, in 
proportion to those of the ordinary size, as 1 to 10. 

I also found that, notwithstanding the snow in the glass 
had so frequently been changed, and though the fungi had 
sometimes been not more than three or four days in the snow, 
the water, after the snow was dissolved, always acquired 
the same disagreeable smell and taste as the original water 
imported from Baffin’s Bay. 

The above described experiments I attempted to repeat on 
a larger scale, and for that purpose I employed a glass of 
about twelve cubic inches in contents. The original red 
sediment which it contained was about f of an inch in thick- 
ness ; and after marking on the glass with a diamond the 
precise height of the whole mass, 1 drained off the water, and 
divided the sediment in three equal parts; on the lath of 
January, i8so, I put the different portions of sediment into 
three equally sized glasses, which I afterwards . filled and 
pressed with snow, and exposed them in the open air, as in 
the former experiments. 

The first few days, the weather continued very coid and 
favourable for the experiment, and the appearance in the 
glasses was the same as in the former experiment. The 
fungi in some glasses had risen and spread in rays and 
pyramids of near three inches in length, and the increase 
appeared considerable and rapid ; but during the day of the ' 
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19th of January, the weather suddenly changed , and the snow 
in the glasses entirely dissolved ; but the following night 
it froze again very hard, and two out of the three glasses 
burst and fell to pieces; the following morning, the soth of 
January, it suddenly thawed again ; and before 1 discovered 
the accident that had happened, a great part of the snow 
in the glasses was 1 dissolved, and consequently the greatest 
part' of 'the fungi they contained was lost ; however, I col- 
lected all the sediment left in the unmelted snow and ice 
of the broken glasses, and put it into that which Remained 
entire ; after the whole was melted, the sediment which then 
was produced, certainly appeared considerably increased; 
but the original glass which had been marked with a dia- 
mond being destroyed, I could not form a correct estimate ; 
judging however from the previous appearances, I have every 
reason to believe, that if the accident had not happened, the 
result of this experiment would have been equally satisfac- 
tory as that of the experiment on the small scale. 

On the sad of January I again filled the glass, containing 
the remains of the sediments of all the three glasses, with 
fresh snow, and exposed it in the open air as before ; but 
the next day the general thaw began, and after that day we 
had no more frost nor snow ; I left the glass in the open 
air till the end of the month, when I examined its contents 
again, and found no particular change in the substance; but 
within the glass, which was not quite full, round the surface 
of the water 1 observed a kind of crust, consisting of a light 
yellowish. green substance, which on examination in the field 
of the microscope, proved to consist entirely of the same 
sized and shaped globules as the original red fungi. I imme- 
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diately decanted the waterand ted sediment: into another 
g)«M; when; on examining the empty glass, I found the 
appearance of the green substance was not only confined to 
the top of the glass, above the water mark, but I found many 
very minute clusters scattered, not only over the sides, but 
also over the bottom of the glass. I filled that glass with 
melted snow water, and closed it with a bladder, and in that 
manner I have kept it ever since. 

I examined the glass this morning, and find that a con- 
siderable increase of the green fungi has taken place since 
the 31st of January, when I filled it with water ; the green 
substance forms now an entire crust over the whole inner 
surface of the glass, particularly the bottom, where the new 
globules now form a sediment that is visible to the naked 
eye, and the whole glass is now of a greenish tinge. To 
what cause this change of colour is to be attributed, I cannot 
guess. 

The experiment mentioned in the beginning of my letter 
as having failed, was owing to an idea I conceived, that 
the red fungi would vegetate on the surface of the snow ; 
and with that view I filled on the 10th erf December, 1819, a 
large glass cup with snow, pressing it hard, and giving it a 
perfectly smooth surface, on which I made an impression 
with a sixpenny piece; the cavity thus produced I filled 
carefully with the original sediment of red fungi, expecting 
that on the slightest increase taking place, the fungi must 
come over the limits thus - set them ; but the degree of cold 
at that time was so great, that, soaked in water as they then 
were, they froze almost before they came in contact with 
the snow. On examining them the next morning, when 
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the thermometer was *6 degrees below freezing, I found 
them of nearlya, black colour, and almost entfrwy, raised 
up, and detached from thesnow ; and when on the Igtji 
of Januai^ Ihejwiow dissolved, the masw fungi t«»k to 
the l^ ^^PSe glass, and gradual||! i lll^eed tbefcv colour 

Th$pspm "experiment tyas repeated .fe|g^l'|daies, 'and the 
resulf||w^i||^i the same. I js^iWc^ssrly collects! . the 
different of -fungi- -that hadjb«i[jda*t»#4se.of in these 

experimeOta,*i*d immersed them dlaiMi^^hfbne glass, and 
exposed them to the open air, as In former experiments ; 
but though there was no visible change in the appearance 
whilst they were in the glass, I found, the latter end of 


January, when I examined them in the field of the miero> 
scope, that many ne^,|iaf^ ^d been produced during the 
time the dead sedm&jA^hm been under the snow ; and that 
the newly prod«Kj|l];. : l(»a0-,Wdre • not only small and co- 
lourless, but had ‘$so. full grown bright red fungi 
amongst them. Fjwp circumstance I conclude, that 
though the excessive c©ld,and the exposure in the sharp air 
and wind, may kill the primitive fungi, their seedrstill retain 
sufficient vitality to vegetate and propagate, if immersed in 
the snow, which appears to me to be undoubtedly the, natural 
soilof those., 

The 
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For thtf annexed meteorological diary, I am indebted to 
Mr. Aito^. ft is extracted from the diary kept in the Royal 
Botanic Garden, at Kew, and within 300 yards of the spot on 
which I made the experiments. 


December, 1813. 


January, i8ao. 


Degrees of 
Fahrenheit's 
Thermometer. 




SW Hazy. 
SE Rain. 
NW Snow* 
W Cloudy 


s 

Cloudy. 

E 

Bo* 

NE 

Bo* 

NE 

Bo* 

N 

Snow. 

SW 

Sleet. 

NE 

Cloudy. 

nr 

Do. 

!NE 

Bo* 

isw 

Clear. 



S Rain. 

S Bo. 
NE Cloudy. 
NR Bo. 
SW Bo. 

S Fine. 
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XIII. account of the Dugong. By St'r Thomas Stamford 
Raffles, Governor of Sumatra ; communicated in a Letter to 
-SItTSverard Home, Bart. V. P. R. S. 

Read May i8, t8so. 


My dear Sir, 

I h a v e now the pleasure of coramtmicatmg to yota the "de“ 
sired information concerning the dugong. At Singapore, in 
June last, l had the good fortune to meet with one of these 
animals, and Messrs. Diard and DuvauceL, two French 
naturalists, employed under my authority, undertook the 
dissection of it ; and have sent a dissertation Upon it to Sir 
Joseph Banks. This does not interfere With my sending to 
you, as 1 promised, an account of it. I was present at the 
dissection ; and the following observations, as far as they go, 
may be depended upon. I have read them over to Dr. Wal- 
lick and General Hardwicke, and they concur in opinion 
as to the correctness of the description. I have the pleasure 
to acquaint you, that General Hardwicke has just now got 
a small dugong, four feet six inches long; which I have sue* 
ceeded in persuading him to send home to you for dissection, 
and you will receive it by the next ships. 

The dugong which we examined measured tight feet and 
a half in length, and afforded no less interest udder the 
knife than satisfaction on the table, as the flesh proved to he 
most excellent beef. Our entertainment was truly marine ; 
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fpjy wo> had. an the same day discovered those Neptunian 
sponges which General. Hakdwickc has since described, 
aad^which served us as goHets; 


In .form the dugong resembles the common cetaoea, hav- 
ing, like them, a broad horizontal tail, and two -pectoral fins 
without nails. The skin is smooth, thick, bluish above and 
whitish beneath, with a few remote and scattered hairs. The 
mammae, (in the two male individuals examined) are small, 
and situated on the breast, immediately below- the pectoral 
fins. 

Head small in proportion, obtuse, and of a peculiar form. 
Upper lip very large, thick, and obliquely truncated, 
forming a short, thick, and nearly vertical kind of 
snout. Hie surface of the truncated portion is covered 
with soft papillae, and is also furnished \vith a few 
bristles. Two short tusks project straight forward 
from the extremity of the upper jaw, and are nearly 
covered by the upper lip, which is very moveable, 
and 'tumid at the margin. The lower lip is much 
smaller, and resembles a round or oblong chin. The 
margin of both lips is furnished with strong coarse 
bristles. There are no incisors in either jaw (the 
tasks above mentioned being more property defences ) , 
their place being supplied by the rough bristly sur- 
faces of the palate and jaws, which serve as rasps, to 
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enable the animal to browse upon the algae and Other 
submarine vegetables. To facilitate this still farther, 
the anterior part of the jaw is bent downwards at an 
angle, in such a manner as to bring the mouth into 
nearly a vertical direction. There are no canine teeth. 
The molares are twelve in number, six in each jaw, 
placed far back on the horizontal part. They are 
cylindrical, with flat crowns ; the first are somewhat 
oblique, and worn to a kind of point ; the second are 
perfectly flat; but the last are composed of two 
parallel and adhering cylinders. They are short, 
and scarcely project from the gums. The tongue is 
small and short. The nostrils are situated on the 
summit of the upper jaw, where it makes its curva- 
ture downwards. They penetrate obliquely, in such 
a manner that the upper semilunar edge pressing 
upon the lower surface, forms a perfect valve. The 
eyes are small, and situated on the sides of the cra- 
nium. The aperture of the ears is so small as with 
difficulty to be perceived, and is situated at some dis- 
tance behind the eyes. 

Body rounded, diminishing to the tail, and without any 
vestige of dorsal or ventral fins. The place of the 
anterior extremities is supplied by fins, which offer no 
appearance of nails, but are somewhat verrucose on 
their anterior margin. They are thick and fleshy, 
and neither from their form nor size capable of sup- 
porting or assisting the animal out of the water. 

Tail broad, horizontal, and of a crescent or s emilunar 
form. 
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Dissection. 

Skin three quarters of an inch thick, with little adipose 
matter, and yielding no oil. 

The cavity of the abdomen large. 

The stomach is large ; and the relative position of the 
cardiac and pyloric orifices is nearly aS in the human 
subject. It has two appendages, winch open into it 
near the junction of the duodenum. Membrane of 
the stomach thick, internal surface smooth, and not 
corrugated into plicae. The stomach and its appen- 
dages were distended with fucua or sea-weed, but 
little masticated or altered. Intestinal canal long. 
Small intestines uniform. Caecum very' large, some- 
what curved, and containing a portion of partially 
digested sea-weed. Colon exceeding the small in- 
testines in diameter by one third, very uniform, and 
with few or no contractions. liver of moderate size, 
consisting of two large and distinct lobes, connected by 
a smaller one somewhat tongue-shaped, and a fourth 
which' was very small, on the posterior side. Gall 
bladder little distended, and situated beneath the third 
and tongue-shaped lobe. Spleen very small, not ex- 
ceeding three inches long and one inch thick, attached 
to the left side of the stomach. Pancreas lying be- 
low the duodenum. . Kidneys in their usual place, and 
large. Bladder much contracted, not exceeding the 
size of an egg, but from the thickness of its coats, is 
probably capable of much greater distension. 
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Testicles situated a little below the kidneys, egg-shaped, 
flattened, partly embraced by a very perceptible epi- 
didymis. 

Penis larger . while. . collapsed, entirely, concealed , within 
the prepuce. The gfcns, consist* oC>*W9 sepa- 
rated or cloven above* in , such » .manners ; aJLt©*. give 
thp^Mf^le ^ appearfince of, the, cloven foot, of a 
ruminating v animal. T^e.utethra , opens .on. a, small 
tubercle, , 0 ?: papi]A* .between ,the lobes, of the glans. 

Ip t^ thorax, the thymus gland; is, particularly large, 
black and friable wider, the fingers, and Oppupying 
the space .between the folds . of the mediastinum. 

Lung? t\yo,. distinct, of an elongated (form* nqt.lQbulated, 
and., situated, posteriorly, one , on, each side their 
substance o( t the usual mottled colour. The,trachea 
Wfurpates. very high up, and the tw,9. branches diverge 
to their, respective lungs. 

Heart situated ,on the left side, double ; that, ( is, to say, 
haying, the ventricles entirely .separate at ,th#r, points, 
and Only connected at the upper part, or, ,1 base. Each 
side possesses a ventricle and auricle, wjth.the usual 
valves, and without any communication, between the 
right and left sides. . The left ventricle,. which gives 
off the aorta, is. stronger and more muscular, than the 
right, whose cavity is, larger, and coats thinner. 

Of t ,the skeleton, a .few.. observations will suffice*— The 
skull, is remarkable by the peculiar manner Jn, which 
the anterior part of. the upper jaw. js bent do wp wards, 
almost at a right, angle, so. as to form a kind. of beak. 
The lower jaw is truncated in such a manner as to 
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ebttespoftd/afld become parallel with the elongated 
portion of the upper jaw. This portion Of the lower 
jaw has 'eight alveolar excavations, which art sotiae- 
' tithes empty, arid Sdiriefimes contain the rudiments 
‘cff teeth. 

TRe vertebrle Site fifty two in number, seven to the heck, 
eighteen to the hack, and twenty seven to the tail. 

•RihS, eighteen on each Side. 

Sterhum nearly a foot long, bifurcate at the apex, and 
articulated to the cartilages of the upper ribs. 

There is no pelvis dr posterior extremities, but there are 
found opposite to the eighth or tenth lumbar vertebra 
tVto bones, .one on each side, lodged in the flesh. 
Which are narrow and flattened, and hot above five or 
six inches iti length. Scapulae broad and thick ; 
humerus short and strong, as is also the radius and 
ulna. The whole of these are firmly articulated to 
teach other;, and though externally the fins offer ttb 
appearance of fingtess, all the corresponding bones are 
fotihd complete even to the last phalanges. 

The food Of dtigong appears to consist Exclusively of 
fud and submarine algsb; which it finds at the bottom of 
shallow inlets of flie sea. Hie position attd structure of the 
mouth, enables the animal to browse upon these vegetables, 
milch fii the sEme rijaririhr as a coW ih a meadow ; and the 
WhOlb sirubturfe of the masticating arid digestive Organs 
dibw ft to be truly herbivorous. The flesh resembles yoUrig 
brief, arid fc vefry dEficite arid juicy. The individual, of 
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which the skeleton and intestines are now sent to England, 
was taken at Singapore, in Jttnej, 1819. 

According to the information given by the natives, the 
dugong is never found on land, or in fresh water, but gene- 
rally in the shallows and inlets of the sea, where the water 
is only two or three fathoms deep. During our short pos- 
session of Singapore, (not more than six months) four of 
these animals have been taken ; but the greatest number 
is said to be caught during the opposite or northerly mon- 
soon, when the sea is oalmest, near the mouth of the Johore 
river, in the inlet of the sea between Singapore Island and 
the main. They are usually taken by spearing (at which 
the natives are particularly dexterous) during the night, when 
the animals give warning of their approach by the snuffling 
noise they make at the surface of the water. The first 
object is to secure and elevate the tail, when the animal be- 
comes perfectly powerless, and at their disposal. They are 
seldom caught above eight or nine feet in length, but how 
much larger they grow is not ascertained, as when they ex- 
ceed this size, their superior strength enables them to make 
their escape when attacked. 

The Ikan dugong is considered by the Malays as a royal 
fish, and the king is entitled to all that are taken. The flesh 
is highly prized, and considered by them far superior to that 
of the buffalo or cow. They distinguish two varieties, the 
duyong bumban, and the duyong buntal; the latter much 
thicker and shorter in proportion. The breasts of the adult 
females are said to be huge. The affection of the mother 
for its young is strongly marked ; and the Malays make 
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frequent allusion to this animal, as an example of maternal 
affection. When they succeed in taking a young one, they 
feel themselves certain of the mother, who follows it to the 
margin of the sea, and allows herself to be speared or taken 
with the greatest ease. The young have a short sharp cry, 
which they frequently repeat ; and it is said they shed tears. 
These tears are carefully preserved by the common people 
as a charm, the possession of which is supposed to secure the 
affections of those to whom they are attached, in the same 
manner as they attract the mother to her young. This idea 
is at least as poetic, and certainly more natural, than the fable 
of the Syren’s song. 

I remain, my dear Sir, 

yours truly, 

Thomas Stamford Raffles. 


Dimensions. 

Total length of the animal 

Greatest circumference - - 

Length of the head from the nostrils to the occiput 

■ ■ from the nostrils to the end of 

the snout - 

Width of the snout - - 

Depth of Do. .... 

Length of the chin - - 

Breadth of Do. .... 

Distance from the nostrils to the eyes 

the eyes to the ears 

■ the eyes to the fin 

Bb 


Ft. 

In. 

8 

6 

6 

o 

l 

8 

o 

Sir 

o 


o 

4* 

o 

5 

o 

Sir 

o 


o 

6 f 

1 

5* 
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: ‘ * '■ : * • Ft* $». 

Length of the fins - - - l 4 

. Breadth of Do. - • - - o 8 

— . across the belly from fin to fin - - i n 

Distance between the mammae - r x 5 

Breadth of tail from tip to tip - - - * 7 

Circumference of the root of the tail - -19 

Distance from the anus to the centre of the tail a 9 

from the anus to the penis - 1 c 

Total length of the intestines - - -1150 

Do. of small intestines including the caecum 44 o ■ 

■ ■ ■ Do. of great intestines - - - 7a .0 


With this account. Sir T. S. Raffles sent me a copy of 
some observations in French, by Messrs. Diard and Duvau- 
cel, upon the stomach of the dugong. Sir T. S. Raffles 
mentioned that these observations formed part of a Memoir 
written by those Gentlemen ; under these circumstahces, I 
have not felt myself authorized to lay them before the So- 
ciety, along with those made by Sir Thomas Stamford Raf- 
fles, which I consider of too much importance to be delayed. 


Everard Home. 
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XIV. Observations on the Human Urethra , showing its internal 
structure, as it appeared in the Microscope of F. Bauer, Esq. 
By Sir Everard Home, Bart. V. P. R.S. 

Read June 1 , i8so. 

The smallest additions to our knowledge of Human Ana- 
tomy, have ever met with the most liberal reception from 
the Royal Society. Such communications must necessarily 
be of rare occurrence, the field having not only been gone 
over so often, but cultivated with the utmost labour and zeal, 
by men of the highest talents, and most acute discernment. 
Much, however, is still wanting to make us acquainted with 
the internal structure of all the organs of the human body ; 
and some of those not yet thoroughly examined, are of very 
great importance, not only on account of the functions they 
perform, but the diseases to which they are liable ; since by 
these diseases the natural functions are disturbed, and occa- 
sionally completely interrupted ; and when that happens, the 
life of the patient is too often destroyed. 

The structure of the human urethra, as far as it could be 
examined by ordinary vision, assisted by glasses of small 
magnifying power, has been long known to all.the anatomists 
of the present day ; and twenty-five years ago I thought 
myself thoroughly acquainted with it ; but I now find that I 
was wholly ignorant of the more minute parts of its con- 
formation. • 

For the knowledge I have now acquired, which it is the 
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the object of this paper to communicate to the Society, n»e 
are indebted to Mr. Bauer, who has given the most patient 
and laborious attention to the examination of these parts, mag- 
nified in different ways, and has faithfully represented them 
as they appeared to his view. ,.v 

From Mr. Bauer’s examinations, we find that the human 
urethra is made up of two parts, an internal membrane, and 
an external muscular covering. 

The internal membrane is exceedingly thin, and no fibres 
are met with that can give it a power of contraction. "When 
it is put on the stretch in a transverse direction, the circum- 
ference of the canal is no ways encreased; but when 
stretched longitudinally, a small degree of elongation is 
produced. 

When a transverse section of the urethra is made while in 
a collapsed state, the internal membrane is found thrown into 
folds pressed together by the surrounding parts. This ap- 
pearance is shown in the most satisfactory manner in the 
annexed Plates. 

On the surface of the internal membrane, over which the 
urine passes, there are numberless small projections, or 
papillae, the orifices of glands. The surface is covered with 
small blood-vessels, and the lacunas leading to the deeper 
seated glands, are very numerous. These parts are beauti- 
fully represented in Plate XXI. Fig. 4, in a small portion of 
the lining of the urethra, near the external orifice, minutely 
injected, magnified ten times in diameter. 

The muscular covering by which the membrane is sur- 
rounded, or enclosed, is made up of fasciculi of very short 
fibres, which appear to be interwoven together, and to be 
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connected by their origins and insertions with one another ; 
they all have a longitudinal direction, A muscular structure 
of this description, as far as I know, is not met with in any 
other part of the body. It is however to be observed, that 
there is no other instance in which fibres of such minuteness 
have been examined, and faithfully represented. 

There is a greater thickness of this muscular structure 
upon the upper, than the under surface of the urethra, which 
is still more evident, as it approaches nearer to the external 
orifice. The fasciculi are united together by an elastic sub- 
stance of the consistence of mucus. This muscular structure 
is represented in a longitudinal section of a portion of the 
corpus spongiosum urethrae, magnified fifteen times in di- 
ameter. The internal structure of these fasciculi is shown in 
PL XXIII. Fig. a, 3, magnified twenty-five diameters, and in 
Fig. 4, magnified fifty diameters. In this Plate the fasciculi 
are thickened in consequence of inflammation. Immediately 
beyond the muscular portion of the urdthra, is the cellular 
structure of the corpus spongiosum. 

This mechanism, which forms the canal of the urethra, is 
very different from what it has hitherto been contemplated 
to be, and therefore a knowledge of it enables us to correct 
many errors that we had fallen into with respect to the actions 
of its parts, both in a healthy state, and when under the 
influence of disease. 

Till now it was believed, that either the lining of the 
urethra was composed of circular fibres, possessed of a power 
of contraction, or that it was immediately surrounded by 
such fibres ; and therefore, that the disease commonly known 
by the name of a stricture in the urethra, was produced by a 
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contraction of some of these circular fibres; and that per- 
manent stricture was a term applied to these partS;whetJ, 
in consequence of inflammation, they became confined Ml tint 
particular state. 

We now find from the annexed Plates, that the lining 
of the urethra is never met with in a contracted state, but is 
thrown into folds by the action of the elastic ligamentous 
covering of the corpus spongiosum, and the swell of the longi- 
tudinal muscular fibres within it ; and when these fibres have, 
by acting through their whole length, reduced the urethra to 
its shortest state, the pressure upon the internal membrane 
is so great, that there is not room for the urine to pass till 
these fibres are relaxed by elongating the whole canal. 

A- spasmodic stricture is in reality a contraction of .a small 
portion of the longitudinal muscular fibres, while the rest, are 
relaxed ; and as this may take place either all round, or upon 
any one side, it explains what is met with in practice, and 
which could not be satisfactorily accounted for ; the mark or 
impression of a stricture sometimes forming a circular de- 
pression upon the bougie, at others only on one side. 

A permanent stricture is where, in consequence of inflam- 
mation, coagulable lymph is exuded, between the fasciculi of 
muscular fibres, and upon the internal membrane, in different 
quantities according to circumstances ; and in the same pro- 
portion diminishing the passage for the urine at that part, or 
completely closing it up. The changes the parts undergo 
in the formation of a permanent stricture, are most satis- 
factorily shown in PI. XXII. XXIII. 

In this investigation, Mr. Bauer’s examinations have not 
been confined to the canal of the urethra ; he has, at my 
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request, extended them to the corpus spongiosum, and to the 
corpora cavernosa ; respecting the structure of which, even 
at this day, different opinions are entertained by some of the 
mutt celebrated physiologists in Europe. 

When these bodies are entirely empty and collapsed, as we 
generally find them in the dead body, they contract so much 
from their elasticity, as to make it next to impossible to ex- 
amine the structure of their different parts ; and no inconsider- 
able art and contrivance becomes necessary, so to prepare 
them, that the internal structure, may be sufficiently displayed, 
to render the examination satisfactory. Every attempt to make 
the substances commonly used as injections, pass from the 
arteries into the cellular internal structure, proved ineffectual ; 
that mode therefore of distending those cells was soon aban- 
doned ; injecting them directly by puncturing the surrounding 
coverings, could not give them their natural appearance ; we 
therefore did not avail ourselves of it. The only mode of 
expanding the internal structure, at the same time that it was 
not disturbed, was to fill it through the medium of its own 
arteries, and then, by hardening the parts in spirit, preserve 
them in a distended state. 

This was done in three different ways. In one instance 
they were found filled naturally, by the blood that had been 
retained there, and which, in the act of dying, had not been 
expelled, as in Plate XVIII. 

In another, proof spirit was injected by the arteries till all 
the internal cellular structure was distended by it ; and this 
spirit was retained there, as in Plate XIX. 

In a third, the arteries were injected with quicksilver, 
which readily passed into the internal parts, and was retained 
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there by plugging up the trunks with common injection. 
The parts were then dried, and put into oil of turpentine. 
When preserved some time in that state, a longitudinal sec- 
tion of one of the corpora cavernosa was made, as in Plate 
XX, and the quicksilver allowed to run out. The prepa- 
ration thus made is in the Collection of the Royal College 
of Surgeons in London ; one of the many valuable donations 
made to that Museum by Sir William Blizard. The others 
were made upon this occasion. 

From these preparations, the fact is sufficiently established, 
that the cellular internal structure of the corpora cavernosa 
and corpus spongiosum, receives the blood into its cavities 
directly from the smaller branches of the arteries with which 
these parts are provided ; but the nature of this structure 
remains to be explained. 

It was found by Mr. Bauer, from an examination of these 
different preparations, that the cellular structure of the cor- 
pora cavernosa is made up of an infinite number of thin 
membranous plates, exceedingly elastic, so connected to- 
gether as to form a kind of trellis work, the edge of which 
is firmly connected with the strong elastic ligamentous sub- 
stance by which these bodies are surrounded, and which forms 
a septum between them, separating them from one another. 
This substance has an intermixture of muscular fibres. The 
septum has not the same appearance in different individuals ; 
in some, it is much thicker than in others ; and towards the 
anterior end, in one preparation, was almost entirely wanting ; 
as in Plate XVIII, Fig. a. 

In the central 'line of each corpus cavernosum there is an 
open space. This is of considerable length, but is by no 
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meahaequally so In different instances. This has no regular 
boundary, abd appears to be fornied simply by the elastic 
plates being faulting. These plates, from their extreme 
elasticity, are with difficulty examined; but as k appeared 
that their structure is the subject respecting which physiolo- 
gists*!* not, agreed, Mr. Bauer spared no puns, and exerted 
bisingenuky in putting them to the test of different modes 
of examination on the field of the microscope,, and is per- 
fectly satisfied that they are what he hais represented them to 
be ; namely, simple thin membranous elastic plates, not made 
up Of more than one layer, not having a cavity between them, 
nor in any way forming regular cavities, but having irre- 
gular interstices : they vary in size considerably in dif- 
ferent parts of the same body. It is into these interstices 
that the blood is occasionally received from the termination 
of the small arteries which are every where branching upon, 
and supported by, the elastic plates of which the trellis work 
is composed ; as in PL XVIII, Fig. 1. PI. XIX, Fig. 1. 
PI. XX, Fig. %. 

•The circulation of the blood in these parts being different at 
different times, is* most beautiful illustration of the fact/which 
upon i former occasion I communicated to the Society; namely, 
the great influence the nerves have upon the action of the 
smaller arteries, as well as on their larger trunks. When the 
nerves that supply the corpora cavernosa and corpus spongio- 
sum, (and they are very numerous,) are not affected by the 
stateofmind ofthh individual, the blood is not carried into ithis 
trellis work,' bait returns by the veins, as mother parts of the 
body y but when' the mind receives such impressions asexcite 
these nerVes, thd smaller artertes have the# action So much 
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increase ^jju^nototaly topour the blood into the interstices, 
and theopensjfctse wMdrtheyJaclose,!bm*odiiiienilriiem> 
overcoming the elastic powdr^that, undertjrrfiBary emoton* 
stances, keeps them ooUaijeedi- - sv..?jv 'htMif 

Hie corpus spongiosumdiffen in nothin# fifUn dNtettuU 
pora cavernosa, but in the partabeing formed span a&mfeBer 
scale; there being no open space in the middle or central line 
of the trellis work • told the ligamentous elastic covering 
which surrounds it, having no muscular fibres intermixed 
with its substance. When a transverse section } of rite, corpus 
spongiosum is examined in the microscope, the .orifices of six 
or seven divided arterial trunks are distinctly seen in different 
parts of the section, as in PI. XXI, Fig. 1. ^ 

As the corpus spongiosum may be said to be continued 
into, and to form the glans, the internal structure of which 

4 *, i '> li"** >■ 

is of the same kind, I was desirous that Mr. Bauer should 

- • . * - ^ ; ; i *■ r v f 

examine the covering of that body in the microscope, to as* 
certain whether there were any papillae upon its surface, so 
different from those of the skin generally, as to account for this 
part having a sensation peculiar to itself, and as unlike the 
common feeling of touch, as the sense of taste, which is pe- 
culiar to the tongue ; this last I have explained upon a former 
occasion to the Society, is confined to the tip ; since, when the 
sense of taste is destroyed by the nerves that produce it being 
injured, the common sensations of the rest of that organ, as 
well as its voluntary motions, are as perfect as before. 

From the annexed magnified representations of a portion of 
the glans, showing the papillae on its surface, it Is evident that 
such a peculiar organization must be constructed to produce 
a more than ordinary delicate sensation. PL XXt,F%. £, 



Society; am aftaidthat I have already allotted myself 
to my much more upon seven! of sthe otisersubjectscon- 
tainedin this paper than was necessary, Illustrated as they 
aro^Mr.BAtrBK'sdnwhtgs; . .< . ;*» a < . , , > 
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EXPLANATION OF THE PLATES. 

- vu " : PtATE XVIII; ; -* 

Consist! of two figures or transverse sections of the same 
pet^ 'magnified four tipnes in diameter. 

Fig.i. shows the internal structure of the corpora caver- 
nosa near the middle of the penis, where the central part is 
one general cavity, surrounded every where by the open 
trellis work ; the interstices are filled with coagula of the 
mood they contained at the time of the person's death; the 
divided trunks of the arteries which supplied the blood are 
very distinct. 

Upon the dorsum penis are seen the divided arteries which 
lie there, imbedded in the elastic ligamentous and muscular 
substance, by which the corpora cavernosa are covered, and 
which is continued between them, forming the septum ; it 
also completely surrounds them. 

The cellular structure of the corpus spongiosum forms a 
similar trellis work upon a smaller scale ; the urethra passes 
through it rather above the centre. The lining is thrown 
mtb jpj^s, and tfie opening, which is closed, is flattened, 
being more compressed from above and below than lat^^ly. 

Fig. si. The same parts shown in a section newer the 
glims. The trellis work here is more distended with blood. 
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In this section the septum is in part wanting* the muscular 
coat of the urethra is thinner, and there is no open spftce in 
the centre of the corpora cavernosa. . - 

Plate XIX. 

Consists of four figures, taken from a penis in which' the 
corpora cavernosa and corpus spongiosum had been injected 
by the arteries with spirit, and then allowed to harden in 
spirit; the urethra had also been injected with spirit, and 
kept distended. 

Fig. 1. This section was taken near the root. The parts 
are nearly the same as in the last Plate ; they are only mag- 
nified two diameters. 

Fig. 2. A very small portion of the trellis work of one of 
the corpora cavernosa of the same section ; magnified fifteen 
times in diameter. 

Fig. 3. Another transverse section nearer the glans, mag- 
nified two diameters. In this the cavity in the corpora caver- 
nosa is seen, and the membrane of the urethra is thrown 
into folds. 

Fig. 4. A very small portion of the last section ; magnified 
fifteen times in diameter. 


Plate XX. 

Consists of three figures, taken from a penis, the corpora 
cavernosa of which were injected with mercury by the ar- 
teries, and the mercury whs retained there by plugging up the 
trunks with common injection. The parts were then dried, and 
a longitudinal section made so as to let the mercury escape 
and leave the trellis work empty. In this state the preparation 
is kept in oil of turpentine. 
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Fig. a. A longitudinal section of one of the corpora caver- 
nosa, showing the course of the artery, branching through 
the trellis work. The part at A, has the central cavity 
exposed. This section is magnified two diameters. 

F.g. *. A very small portion of the cellular substance of 
the same longitudinal section, taken from the part at A; 
magnified fifteen times in diameter. 

Fig. 3. A small portion near B ; magnified fifteen times 
in diameter. ■ 


Plate XXI. 

Consists of six figures, three of the corpus spongiosum 
urethrae, one of the internal membrane of the urethra, and 
two of the villi of the covering of the glans penis. 

Fig, 1. A transverse section of the corpus spongiosum ure- 
thrae, taken from the same penis as Plate XIX, Fig. 1. mag- 
nified four diameters, to show the parts more distinctly, par- 
ticularly the sections of the arteries going to the trellis work. 

Fig. s. A small portion of the transverse section. Fig. 1, 
magnified fifteen diameters, to show the trellis work in the 
corpus spongiosum. 

Fig. 3. A longitudinal section of the same corpus spongi- 
osum and muscular coat of the urethra ; magnified fifteen 
times. . 

Fig. 4. The internal membrane with the glands upon its 
surface, and the lacuns ; magnified ten diameters. 

Fig. 5. The covering of the glans penis for the papillae ; 
magnified ten diameters^, . , 

Fig. 6. A smaller portion ; magnified twenty-five di- 
ameters. 
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Plate XXII. 

This Plate, contains two figures, giving different views of 
a stricture in the urethra. The stricture had become so 
narrow, that ,fc ptece of gravel was prevented ficorn passing, 
and had imbedded itself in a cul de sac immediately 
behind the stricture. This piece of gravel increased in size 
by receiving additions from the urine that passed over 
it ; and the stream, every time of making water, turning it 
round in its bed, it acquired a spherical form. The patient 
never having had any attempts made for his relief, and 
being seized all at once with a complete suppression, died ; 
after death, the calculus was found closing up the orifice of 
the stricture. Both figures are magnified five diameters. 

Fig. i A transverse section of the urethra a little beyond 
the stricture, showing from behind the aperture which the 
stone closed up, and giving a side view of the cul de sac in 
which it had usually remained. This cavity is not made by 
a fold of the internal membrane, but by an exudation of 
coagulable lymph forming a sac. 

The other parts are the same as have been already de- 
scribed in the transverse sections of the urethra, in a natural 
state. . 

Fig. a. Represents the urethra lad open from above, in a 
longitudinal direction. The right hand portion exhibits the 
newly formed coagulable lymph produced by the irrita- 
tion of the stone ; the serrated processes of coagulable lymph 
projecting from the internal membrane, which is itself thick- 
ened, and pressed forward by the swell of the muscular 
structure surrounding it, are also distinctly seen. The na- 
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tural granulated structure of the internal membrane is in- 
creased in size by the effects of inflammation. Besides 
which, there are small globular exudations of coagulable 
lymph, like studs, on different parts of the surface. 

Plate XXIII. 

This Plate contains four figures, representing the internal 
membrane, and the muscular structure surrounding it, at 
the strictured part. The three first figures are magnified 
twenty-five diameters, the fourth fifty. 

Fig. i. Shows the exudations of coagulable lymph in 
masses of different forms and sizes, and the enlarged glands, 
nearly uniform in their shape, and of a smaller form. 

Fig. a. Shows the longitudinal muscular fibres, and the 
masses of coagulable lymph deposited between the fasciculi, 
increasing the volume so much, as to produce the narrow 
aperture or stricture. 

Fig. 3. The same muscular fibres, having the fasciculi 
more separated from one another. 

Fig. 4. The same fasciculi separated still more, and nearly 
into their ultimate fibres. 
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at Seaj Oristhjg; front the action 1 of the irdd in the Mpf Ojp&n 
the Chronometers, By George Fisher, Esq. Communicated 
by John Barrow, Esq. #.* R. S. : * 

* '• Read June 8 , 1 8ao. , •, ■, 

ICm, . ;<’[ #,'iT , . ‘ 

Th e determination of the longitude at sea by timekeepers, 
is &>' exceedingly easy from the simplicity of the observations 
andcaiculations employed, and from the general practica- 
bility of the jnethod, as» to render chronometers, intbe pp>- 
eteht'iiftprovedStateof navigation, almostindispensablp articles 
in the equipment of ships for foreign service (5 -and { shall feel 
happy if the flowing observations may*, in any way, con- 
tribute to the more accurate determination of. the longitude 
*by this method. ‘I. «, <+* . ...»• p ^ .v,}-: 

The sudden alteration in the rates of chronometers when 
taken on board of ships, has been frequently observed by 
intelligent seamen ; and is generally ascribed, to the motion 
of the vessels. Before, however, I attempt to account for 
this alteration, I shall first prove that it actually takes place ; 
and, in order to do this, shall relate the circumstances con- 
nected with the chronometers on board the Dorothea and 
Trent, commanded by Captain Buchan, which occurred du- 
ring the late voyage to the North Pole. 

Soon after the arrival of the ships on the coast of Spits- 
bergen, the chronometers on board the Dorothea (five in 
number) were found to be rapidly gaining on their former 
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rates as determined in London previous tothe ship's sailing ; 
in consequence of which the land appeared considerably to 
the westward of its true position as determined by lunar ob- 
servation, and they were found to be still gaining daily, which 
appeared not only from each subsequent set oflunars, but also 
by comparing the longitude of different points of land deter- 
mined by the chronometers, with the longitude of the same 
points ascertained in the same way some time afterwards. 

For instance ; the longitude of a remarkable point of land 
on the north-west coast of Spitzbergen, called Cloven Cliff, 
was found by a mean of the observations taken with the 
chronometers on June at, 1818, to be io°33 / a/ , E; but the 
longitude of the same point of land on July 31, was io°i5' 
37" E, making a difference of no less than about so' of longi- 
tude in five weeks ; that is, estimating the longitude with 
the same rates and errors as determined in London before 
their departure ; from this, therefore, it appears, they had 
been gaining on their former rates, or had been increasing 
their gaining rates, and diminishing their losing ones. 

An opportunity soon afterwards occurred of observing the 
effect produced upon the chronometers by removing them on 
shore. On the 9th of August, the chronometers, nine in 
number, were landed on an island, where a temporary ob- 
servatory had been erected for the purpose, and the latitude 
of which had been accurately determined with a repeating 
circle made by Troughton, when it was found that the 
acceleration immediately ceased ; for the longitude of the 
place by chronometers, August is, was 9 0 4#' 36" E, but an 
the 87th, it was io° 1' o" E, making a difference of 18' 84" of 
longitude in fifteen days, using the former rates. 

Since, therefore, the chronometers were getting easterly 
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by their removal on shore, the acceleration must have ceased ; 
which will appear upon consideration. 

A similar circumstance was observed by Lieut. Franklin 
to take plape with the chronometers on board the Trent, 
which were four in number; and he observes, “ It may be 
“ worthy of remark, that the chronometers taken out by the 
“ Hon. Captain Phipps, showed too great westerly longitude, 
“ and consequently gained on these seas. The fact of so 
many chronometers altering their rates the same way, is 
« curious, but I am not aware that any cause can be as- 
“ signed.” 

The effect produced upon. one or two of the chrono- 
meters by their removal to land, was very remarkable ; a 
chronometer made by Baird was ( by observations taken on 
shore near where the ships lay at anchor, by Lieutenants 
Franklin and Beechey, with false horizon, and eight inch 
reflecting circles of Troughton, from August 8, A.M. to 
1», P.M.) losing 8, "4 daily when on board; but upon its 
removal on shore to the observatory, its rate per transit, from 
August 16, to a6, was observed by myself to be 18,"* losing. 
Upon again removing it on board, it was found by obser- 
vation, as before, to be losing 6 "5 daily ; from which it ap- 
pears the chronometer lost no less than about thirteen or 
fourteen seconds daily by its removal on shore. 

Another chronometer in the Trent, made by Pennington, 
had been gaining rapidly on board ; when taken on shore, it 
acquired immediately a losing rate of i,"8, nearly the same 
as it had in London before the vessels sailed. 

A chronometer of my own, by Arnold, was affected like- 
wise nearly as much, losing about 9" daily by its removal on 
shore. 
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In the other chronometers the alteration was less sudden, 
but was ultimately not less considerable; and they were 
several days on shore before they acquired a steady rate, as 
will appear by the following table of their rates, during the 
interval of the respective, dates. 


Table of Rates of Chronometers immediately when landed, 
August gtk, 1818. 



The rates from August la to «6, were determined by the 
sun’s transit, and those from August 9th (the day on which 
the chronometers were landed) to the lath, by a comparison 
with the clock, supposing its mean rate +69, "5, as no obseiv 
vation occurred during this interval ; and by this table it 
appears, that the chronometers when landed were rapidly 
diminishing their gaining rates, and increasing their losing 
ones. In the others the effect was almost immediate. 

The clock and chronometers were likewise landed upon 
a small island in Fair Haven, on the north coast of Spitzbergen , 
on the 30th June ; and, as the same circumstances occurred, 
it will be needless to detail them. 

The following table is intended to show the difference 
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between the rates on board the ships and what they wofild 
have been had they been on shore. i 


Chronometer*. 


Etrof) Greenwich time. 


Difference. 


Interval. 


Mean Rate* 


Mean Rites] 

on Shore. 


No. i. Earnshaw. 


April n, -4 7.40.1 
Aug. 25, + 16.32.2 


t a 

-418.5a I 


136 


+ 8.0 


+ 3*8 


2. Arnold. 


1 k 

April xi, —*0.42 
Aug. 25,-4.15 


/ ff 

-3-33 


136 






3. Arnold. 


May 7, —1.44 
July 2, —3.56 


t ff 

1.52 


— a.o 


.*5 


4. Barraud. 


/ // 

-o. 1 


April 1, 

Aug. 25,+ 5.55.5 


+ 5-S&5 


H6 


+ 2.5 


-41.2 


5. Arnold. 


✓ // 

April 15, —038 
Aug. 25, — 28.48 


t » 

— 28.10 


132 


-u.8 


-22.4 


6. Earnshaw. 


April 11, + 1.13 
Aug. 25, + o. 2.2 


—1. 10.8 


136 


// 

—0.5 


—0.93 


7. Pennington. 


/ // 

April 11* 4- o. 53 
Aug. 25, + 13.57 


/ ft 

+ 13-3-5 


136 


+ s-s 


— 0.65 


8. Arnold. 


April 13, —0.24 
Aug. 25,-15.53.5 


/ ft 

+ 16.17.5 


134 


+ 7-3 


9. Baird. 


, / ft 

April 15, + 0.25.1 
Aug. 25, + 5.12.5 


/ ff 

+ +474 


132 


+ 2*2 


-5.15 


%* * 
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The errors of thechronoraetersin April, werethose ol** 
taine d In London before the ships sailed; those on the a$th 
August were determined at the Observatory on Dane's Island, 
Spitzbergen, the longitude of which was determined by a 
great many observations of the distances of the sun and 
mom for several days with Troughton's eight inch sextants 
and reflecting circles. The rates in the column entitled 
“ Mean Rates at Sea," are deduced by dividing the difference 
of the errors by the interval. 

The rates in the column entitled “ Mean Rates on Shore," 
or more properly what they would have had, aVe means be- 
tween the rates of chronometers on shore before leaving 
England, and those obtained at Spitzbergen ; and although' a 
mean between the rates of chronometers obtained at different 
times, may not accurately be the mean rate they would have 
had during the interval of those times, from the continued 
variation to which they are subject ; yet, upon comparing 
the two last columns together, of the rates thus deduced, it 
will be perceived, that jn all the chronometers their gaining 
rates had either been increased, or their losing ones dimi- 
nished on ship-board, or in other words, they had all been 
accelerated. 

Nor is this acceleration peculiar to high latitudes ; it was 
observed very soon after the chronometers were put on board 
in the Iliver* particularly in Nos. g and 8, which, upon ar- 
riving at Shetland, were found to have gained instead of 
losing rates, which they had in London. 

This acceleration was, very soon perceptible in die chro- 
nometers taken out: by the Hott. Captain Phipps, made by 
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Kendal and Arnold. Mr. Lyons, who accompanied him, 
landed At Sheemess Fort, and found the longitude by them 
to be 30 'o" E, which is about 13' W of the true longitude, as 
determined in the Trigonometrical Survey. 

The same occurrence took place last summer (1819). The 
longitude of a place in one of the Orkney Islands, as deter* 
mined by three chronometers made by Arnold, two of them 
belonging to myself, the other to Lieut. E. Home, R. N. who 
accompanied me, was & 40" W. of the longitude determined 
by the difference of it of stars E and W of > . 

Again, in the trial of Mr. Harrison's timekeeper, in 1764, 
the longitude of Barbadoes by the watch was 10' 45" more to 
the westward than that determined by astronomical observa- 
tions made by the persons sent out for that purpose. 

Soon after this trial, the commissioners of longitude agreed 
with Mr. Kendal, one of the watchmakers appointed by 
them to receive Mr. Harrison's discoveries, to make another 
watch on the same construction, which went considerably 
better than Mr. Harrison's. Mr. Kendal’s watch was sent 
out with Captain Cook in his second voyage towards the South 
Pole and round the world, in the years 177**3-4 and 5, 
“ when the only fault found in the watch was, that its rate of 
“ going was continually accelerated." 

It now remains, therefore, to determine what this accele- 
ration arises from. That it does not arise from the motion 
of the vessels, is evident in the case of the nine chronometers 
on board the Dorothea and Trent ; since the acceleration was 
observed when the ships were firmly beset with ice; also in 
the case of the alteration in the rates of the chronometers upon 
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landing, and taking them on board again at Dane’s Island, 
the ships were tiding at anchor dose in sborewithoutany 
perceptible motion. / 

An account was also kept on board and on shore, ofthe 
state of the temperature and barometer, every two hours, 
both night and day { and- upon comparing them together, 
there dues not appear to be the least correspondence between 
th^ change of rates and the temperature at the time. 

it appears therefore to me, that this acceleration arose 
entirely from the magnetic action exerted by the iron in the 
ship on the inner rim of the balance, which is made of steel. 

.That the iron in the ships becomes magnetic, is plain, from 
the polarity which exists in it ; the whole forming altogether 
one large magnet, having its south pole on deck nearly amid- 
ships, and its north pole below. This is seen from the con- 
stant deviation of the north end of the compasses placed on 
deck towards the centre of the ship, as appears from recent 
observations, which I have mentioned elsewhere. . 

Nor is it surprising that the force exerted by the ship's 
iron (thu3 become magnetical) on the balance of the chro- 
nometers, should be sufficient to cause a very sensible altera- 
tion in the rate of going, when we consider how easily, in 
other cases, the presence of any thing magnetical is detected 
by the alteration of the rate of a chronometer ; and when we 
consider the great influence exerted by this iron upon the 
binnacle cqmpasses at very considerable distances, and in 
situations where the utmost precaution is used to remove 
every piece of iron from them, by using copper-bolts, fas- 
tenings, &c. 

It remains only to determine, how far this alteration in the 
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hates .ofthechronometers,can be reconciled ^itb th«t ob- 
served in chronometers when under the influence of magnets 
placed in different positions with respect to their balances, j 
i To determine this, two watches were used, with steel ba- 
lances and horizontal escapements, one by Earwshaw, the 
other by Allan and Caithness; also two chronometer* 
made by Arnold. To each of these watches were applied, at 
a distance of two inches from the balance, magnets of twelve 
indies in length, in four different positions, and in the planes 
of the balances. 

The following Table will show the rates of the watches 
in twenty-four hours, deduced by comparing them with an 
excellent clock with Graham's dead beat escapement, and 
regulated by transit. 


■ 

No. 1, 

No. 3, 



No. a. 

No. 4 . 

N 

t it 

+ 9 - 1 S 

4 it 

+ 5. O 


N 

/ // 

+034 

f If 

+041 

H 

+ 8.12 


2 * 

S 

+ 2.18 

+0.44 

h 



6 

N 


/ l» 

—143 

H 


warn 


S 

■ 

+5 *7 

—0.36 

N 

t n 

• + 47 -io 

1 M 

+ 17. 8 


N 

4 // 

+ 5 -** 

in 

Mil 

m 

+ 72. 0 

+ ® 44 

9 

S 

— 0.14 

Cml 

N 

ra 

1 h 

+ 4 - 3 * 

12 

N 

/ // 

+ *•47 

/ 44 

+ MI 


139 

4 « 5 - 0 

S 

' — 1 . 2 

+1.24 


The first column in this table shows the pole of the mag- 
net applied to the watch ; the second and third, the rate or 
effect produced on each watch ; the fourth column shows 
the figure on the face of the watch opposite to which the 
magnet was applied. 
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The watch, Ho. 1, gained with both poles, and in every 
position of the magnet but one. No. 3, gained with both 
poles in every position. Nos. 3 and 4 gained in every po- 
sition but two ; and the quantities lost in die positions were 
far exceeded by the accelerations caused by the opposite 
poles, excepting one case in that of No. 4. 

The magnets were likewise placed in different posi- 
tions out of the planes of the balances; the results were 
very similar to those above, bat differing in quantity, ac- 
cording to the distance of the magnets from the planes of the 
balances. 

Upon placing the magnets very near to the rira of the 
balances, a very rapid acceleration took place with both poles, 
and in every position of the magnets, particularly in the 
watches Nos. l and s. Upon too near an approach of the 
magnets, the watch No. a, and chronometer No. 3, were 
rendered useless ; the former, when the magnets were 
taken away, gaining no less than about l£ hour, and the 
chronometer losing about 50" in 34 hours ; and in again 
repeating the experiments in the plane of the balances, the 
rates of the chronometers (without the magnets) were so 
variable, that it was necessary to determine their rates before 
and after each application of the magnets; the following, 
however, is a Table of the results upon the chronometers 
Nos. 3 and 4. 
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, •n 

No.*. 

No.*. 


N 

S 

+ 0. *7 
+ «•»+ 

# // 
+0.43.5 
+ 0*46 

3 

N 

S 

/ 41 

- 5 * 3 * 

+6.15 

t It 

— 1.40 
-* 1*37 

6 

N 

S 

• ti 

+S -*9 

-‘•S 3 



1 « 

4.1.18 

41*12 

9 

N 

8 

# ff 

+ *•59 
+ *• 7-3 

1 tl 

+ I.11.7 
+ i .*9 

is 


1 



N 

S 

4 0 

+0.31 
+ *. 8 

/ 4 f 

+ !•*+ 
+ 0+3 ; 

3 

N 

S 

1 , „ 
— 5 - 9 
+ 4 -*S -7 

/ ** 

— 1.24 

*59 

6 

N 

S 

t 0 

+ 5 *S 
—‘•S 3 

/ n 

+ 0 -SS 

+0.4* 

9 

N 

$ 

• H 

+ *•33 
—*.*3 

# fl 

+I.J 

+ 1.6 

12 


Each of these results in this Table, is the difference of the 
rates when the magnets were applied, and a mean of the 
rates of the chronometers before and after the application of 
the magnets. The rate of the chronometer No. 3, is very 
different from that given in the former Table ; that of No. 4, 
is nearly the same, and does not appear to have been affected, 
as No. 3 was, by the close approach of the magnet. 

Upon the whole, however, it appears that chronometers 
will be generally accelerated (particularly if their balances 
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have not received polarity by the too near approach of any 
thing magnetical) on ship-board* It appears probable, like- 
wise, that the force of the balance springs is affected in the 
' same way ; since it is well known that chronometers having 
gold balance springs, although more difficult to adjust, yet 
keep better rates at sea than the others. 

However this may be, these observations show the neces- 
sity of not trusting to the rates of chronometers ascertained 
during the time they are on shore ; and if the rates are ascer- 
tained on board, the chronometers should always be kept in 
the same place, and also in the same position with respect to 
the ship ; for I have but little doubt that, upon an accurate 
trial, a chronometer will be found to change its rate, more or 
less, according as these circumstances are attended to. If these 
precautions are not taken, land will appear to be considerably 
to the westward of its true position ; this is particularly ex- 
emplified in the observations of the Hon. Captain Phipps ; 
from which, nearly the whole line of coast on the west side 
of East Greenland has been placed nearly if ° too much to 
the westward, by reason of the acceleration of his chrono- 
meters ; the same circumstance would have occurred with 
the chronometers in both of the ships Dorothea and Trent, 
in the late voyage, had not the longitude been otherwise de- 
termined. It is therefore highly requisite that attention should 
be paid to a circumstance so much connected with the im- 
provement of geography as well as the safety of the seaman. 



Mr, Fisher on the errors in longitude, &c. 


so8 


As an Appendix to these observations, I beg leave to add 
the following Table of Rates, furnished by Mr. Colemav, 
to which I have prefixed his letter as an introduction. 


>57, LeadmiaU ^ trtet , 
$th June, tSsa. 

Sir, 

I n compliance with the wish of our common friend lieutenant 
Everard Home, I have much pleasure in sending you a table 
of rates of chronometers. My profession as Teacher of 
Navigation, conjointly with Mr. Norie, which connects me 
so intimately with the Officers of the Honourable East India 
Company, employed on board the ships trading to India, 
has enabled me to present you with this table upon an en- 
larged scale. While engaged in the same service eighteen 
years, this subject occupied my attention, and it affords me 
much satisfaction that you are bringing the subject before 
the Royal Society. My remarks correspond very much with 
those, I understand, you are now bringing forward. 


I am. Sir, 

Your obedient servant, 

George Coleman. 
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|f|^|AfonQmeter returned to the maker's rate on being brought on shore. 
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1 It therefore appears this Chronometer varied precisely the same quantity 
> and the same way, two succeeding voyages : this ship, it may be ne* 
j cessary to remark, is copper fastened throughout. 


aally decreased to 4.B, the rate when taken on board. 

cleaned. 

1 This Chronometer, since its return on board ship, has taken up again the 
| rate of 6.5, which favours Mr. Fisher. 

This increase of rate took place very gradually during the first four 
months, after which it kept that rate, making an error of only 16". the 
following fifteen months, and continued the same rate for five months 
. following on shore ; was then cleaned. 
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XVI* An account of a new mode of performing the High Opera - 
turn for the Stone. By Sir Everard Home, Bart. V. P.R. S. 

Read June 15th, aSto. 

Hav,n a performed the high operation for the stone in 
a manner less severe and less dangerous to the patient than 
that now in use, and by which the stone is more easily ex- 
tracted, I am desirous of having it put upon record in the 
Philosophical Transactions, that at the same time it is made . 
public, my claim to the first adoption of this mode may be 
established, which could not be so well done, were I to post- 
pone the present communication. 

For the previous information that led me to adopt this 
method, I beg to refer to the History of the High Operation 
for the Stone, published by Mr. Carpue, to which publication 
I am indebted for the principle, and only claim the merit of 
having made, what must be allowed to be, a considerable 
improvement. 


Case, and Operation. 

John Rivington, aged 16, who had suffered as long as 
fie could remember from pain in the act of making water, 
and immediately after the whole quantity was evacuated, 
came into St. George's Hospital on the 19th of May, i8ao. 
His complaint was found to be the stone, and I performed 
the operation on die, *6th of the same month, in the following 
manner.. 
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The boy was laid with his bade upon a table, his feet 
supported on a chair. An incision was made in the direction 
of tiie linea alba between the pyramidales muscles, beginning 
at the pubes, and extending upwards four inches in length : 
it was continued down to the tendon. The linea alba was 
then pierced dose to the pubes, and divided by a probe- 
pointed history to the extent of three inches. The pyrami- 
dales muscles had a portion of their origin at the symphisis 
pubis detached to make room. When the finger, was passed 
down under the linea alba, the fundus of the bladder was 
felt covered with loose fatty cellular membrane. A silver 
catheter, open at the end, was now passed into the bladder 
by the urethra, and when the point was felt by the finger in 
the wound pressing up the fundus, a stilet that had been 
concealed was forced through the coats of the bladder, and 
followed by the end of the catheter! The stilet was then with- 
drawn, and the opening through the fundus of the bladder 
enlarged toward the pubes by a probe-pointed bistory suffi- 
ciently to admit two fingers, and then the catheter was with- 
drawn. The fundus of the bladder was held up by one 
finger, and the stone examined by the fore-finger of the 
right hand. A pair of forceps with a net attached was passed 
down into the bladder, and the stone directed into it by the 
finger : the surface bang very rough, the stone stuck upon the 
opening of the forceps, and being retained there by the 
finger, was extracted. A slip of linen had. one end intro- 
duced into the bladder, and the other Was left hanging out of 
the wound, the edges of which were brought together by 
adhesive plaster. A flexible gum catheter, without the stilet, 
was passed into the bladder by the urethra, and kept there 
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by an Mastic retainer surrounding the penis. The patient 
ants put to bed and laid upon his side, in which position the 
urine escaped freely through the catheter* > 

The calculus was of the roughest mulberry kind, was 
nearly spherical, and weighed one ounce. As no blood had 
been lost in the operation, twelve ounces were taken from 
the arm. Outlines of the different instruments are annexed 
PL XXIV. 

May *7. The patient had rather a restless night, but had 
some sleep; the wound very tender : all the urine escaped by 
the catheter; no tenderness on the abdomen. The slip of 
linen was withdrawn, which gave great relief. The author 
begs to remark, that leaving any such slip in the bladder is 
unnecessary, as no urine escaped through the upper wound ; 
it need only be left in the external wound, to prevent the 
formation of abscess. 

May s8. The patient had some quiet sleep in the night ; 
pulse quick, bowels open, the wound less tender ; the urine 
escapes freely. Had his bed completely changed: in the 
evening the catheter was plugged up, and till cleared, the 
urine came by the wound. The pulse was quick and full, 
the tongue white. He lost ten ounces of blood, which upon 
standing became cupped and huffy. 

May 89. The wound still tender. Had not much sleep 
In the night. The catheter being again plugged up, it was 
altogether withdrawn, none being at hand of a proper size 

to“ replace it ; and the time for the urine to diffuse itself 
being past. 

The catheter had been made to retain its curve ; to do 
which its inside had less varnish, so that when in 
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urine it became spongy, and was readily clogged. The 
catheters used in this operation should have the inside of the 
tube polished like the outside. 

May so. The patient had a good night. The urine es- 
caped by t-he wound, which looked healthy ; he is quite free 
from pain, and in all respects better. A little urine came 
by the penis. He was moved into another bed. 

May gi. His night not so good, but the pulse natural; the 
tongue losing its whiteness ; the urine came for the most part 
by the wound, but in gushes of two or three table-spoonfuls 
at a time. Sat up for ten minutes in a chair. 

June 1. He sat up an hour. Urine still comes principally 
by the wound. 

June b. The patient is gradually gaining strength ; sat up 
twice in the day. 

June g. He sat up in a chair for upwards of two hours ; 
and while in the effort of having a stool, a considerable quan- 
tity of urine came by the urethra. 

June 4. Some urine still came by the wound ; the abdo- 
minal muscles not acting, excepting when at stool. After 
sitting up some hours a soft bougie was passed, and imme- 
diately withdrawn, to clear the urethra : it was followed by 
a few drops of urine. 

June 5. Sat up nine hours ; and twice in a full stream 
made eight ounces of water ; from that time none escaped 
by the wound. 

June 9. The wound has become superficial, and the bladder 
retains eight or ten ounces at a time. 

It is to be remarked, that the stone had been an unusual 
number of years in the bladder, was of the roughest possible 
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kind, and yet so mild were the effects of the operation, that 
in ten day* the bladder completely recovered its healthy 
action*. 

b 


EXPLANATION OF PLATE XXIV. 

This Plate contains five figures ~rds of their real size. 

Fig. i . The forceps closed by means of a spring, in which 
state they are to be introduced itito the bladder ; the silk net- 
bag in a collapsed state. 

Fig. 2. The forceps opened by pressing the spring handles, 
and the silk net-bag extended to receive the stone, upon which 
the forceps are allowed to close, by removing the pressure 
from these handles The stone by falling to the bottom of 
the bag, becomes lower than the bent point of the forceps, 
and does not require an opening larger than itself to admit 
of being extracted. The stone is to be pulled out by the 
upright handle. 

Fig. 3. The representation of a portion of the penis with 
the catheter in the urethra, which is prevented from coming 
out by the retainer applied round the penis. 

Fig. 4. The flexible gum catheter of the proper length to 
reach the lower posterior part of the bladder. 

Fig. 5. The catheter retainer detached from the penis. 


MDCCCXX. 


Ff 



t *14 3 


XVII. A Sketch of an Analysis and Notation applicable to the 
estimation of the value of Life Contingencies . By Benjamin 
Gompertz, Esq. F. R. S. 

Read June *9, 1820. 

T«e estimation of the value of property, connected with 
life contingencies, has for many years occupied the attention 
of the philosophers, as well as the monied and landed interest 
of this country. The many institutions now existing in Eng- 
land, for the purpose of granting annuities and assurances on 
fives, are a sufficient evidence that they are conceived to yield 
advantages to the community : — advantages which seem to 
present themselves in two points of view ; the one, the gain 
accruing to the parties granting the assurance or other ob- 
ject ; the other, the benefit to be received by persons pur- 
chasing those grants. In a political point of view, it appears 
a question of great importance to decide, what ought to be 
the demands of those companies, so that the public may reap 
the greatest benefit from them? And the only means of 
answering this question, is the possession of the mathemati- 
cal and philosophical principles, by which those institutions 
ought to be guided. In the present improved state of the 
science of life assurances, it is not sufficient for a proper re- 
gulation to follow old customs, and calculations, drawn from 
a less perfect experience than we have now the means of 
obtaining ; but every company, to reap the advantage of the 
progressive state of the science, should not only possess 
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every knowledge relative to this science, which it may be 
within its immediate power to acquire, but it should promul- 
gate its individual information ; that the actuaries of the . 
different societies may, by their mathematical skill, collect 
for the common good of all, from multiplied resources, that 
which they cannot obtain from a less general observation. I 
am induced to venture this hint, as it is my firm belief, that 
the tables generally adopted, might, by this means, receive 
many extremely necessary corrections ; for those tables 
should be as accurate as they can possibly be made, and the 
interest should be calculated at that rate which shall appear 
to be the average interest to be made for money ; but such 
additional demands should be made by the company or insti- 
tution, as to leave an adequate portion for its security, profit, 
and expenses ; for it does not seem possible, in the various 
beneficial applications which can be made from a proper 
knowledge of this branch of the mathematics, to judge uni- 
versally how to adopt tables of mortality,, which are not 
correct in themselves, connected with a rate of interest which 
is not the average rate made in reality, so that the advantage 
may tend to any one direction. In granting assurances on 
lives, it is .a practice to use a certain table of mortality, and 
to calculate at a certain rate of interest, without making any 
additional charge ; in the presumption, that the tables 'are in 
themselves incorrect, but that their deviation from the truth, 
is in favour of the society ; and that the interest of money is 
less than that which they can really make : but such a plan 
does not appear to me sufficiently scientific, to be followed by . 
companies concerned with life contingencies generally. It is 
not my intention in the paper I have at present the honour 
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to’ present to this profoundly learned Society, to offer my 
opinion on the rates of mortality ; but ray object is to propose 
. a plan of analysis and notation, which I conceive may be 
applied with utility to most problems likely to occur, and 
capable of suggesting a variety of new speculations in the 
pursuit of this science. Many accurate and ingenious men 
have occupied their hours in the improvement of this subject. 
Messrs. Morgan, Bail y, and Milne, of the present age, are 
among the number of mathematicians to whom this depart- 
ment is greatly indebted ; the works of the former two gen- 
tlemen have been long before the public ; that of Mr. Milne, 
was not earlier than about the commencement of this year in 
my possession ; but I felt much gratified with the able man- 
ner in which he has treated his different subjects ; and par- 
ticularly pleased with his notation, in his sixth chapter, 
referring to the different orders of survivorship. 

I feel thankful for the information I have received from the 
labours of those who have preceded me ; and I hope that this 
sketch may be received as a wish to aid science, but not as 
a medium to censure those whose steps may sometimes have 
faltered in the paths to knowledge. To a true philoso- 
pher, it will ever be much more pleasing to grant even more 
praise than is actually due, than to pluck the laurel from the 
deserving brow. This is an observation which might fre- 
quently be addressed to authors, but I profess no particular 
point of application in my remark. 

Benjamin Gompertz. 


i + ih June, 
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Section I. Art. I. A. function, that is an expression made 
up of certain quantities, has been often very usefully ex- 
pressed by some letter with those quantities written under- 
neath, of which that function or expression is made up. And 
frequently those quantities only are placed under, which it 
may be the particular object to bring into notice ; thus, if in 
an analysis we had the frequent occurrence of some particular 
expression, Va* _j_ x* V x -f y, for instance, it might be con- 
venient to put some letter to represent it; and if we had 
two or more expressions of the same form made up of diffe- 
rent letters, such for instance as Va* -J- x 1 -f- V x and 

V / a*4-z’-4-V'z + w, it may be more convenient to express 
them by some generic character, which shall still involve the 
peculiarity of each ; thus, by writing for the one M x>? , and for 
the other M. . and this or a similar mode of notation ; be- 
comes more necessary when we are ignorant of the form of 
the expressions to which our analysis is to be applied. 

Art. s. If for x in the expression M x signifying some func- 
tion of x, we write separately x = n, x ==« ~{-p, x =« -J- 9 p, 
x sss n + 2p> &c. x increasing by the continual addition of p ; 
then the sum of the terms commencing with x=» and finish- 
ing with x=m, is M # -f M w+# -f &c. . . . M m ; and to 

X 

express this operation on x, I use the symbol n prefixed 

m 

x 

to the function of x ; that is, I should write „ I M x for this 

m j 

sum. This is the same as what is called the finite integral of 
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M i+ ^; from xs=« to x=sm; that is, the first value of the 
increment of the series being M w+ ^, and the last M m+ ^, 

or which is the same thing, the first term of the series being 
M and the last term of the series M . And thus would 

" m , 

S 

» j M .+* eX P ress Mn+.+ M »+.+A + M *+.+*P M m+., 

X 

and also would *+, I M x = M„ +t + M„ +(+ +M„ + , 


** + • j 




M m+1 as is evident by writing n+« and m-\*t respectively in 
the room of n apd m in the first of the series mentioned ; con- 

* X 

sequently, £ j M, +t =a £ + 7| M x ; they both being expressive 
m I m+. I 

of the sum of the same series. Moreover, because when x 
becomes n, x+* becomes «+*> and when x becomes m, x-f-‘ 

X Jir-fra 

becomes m -J- 1 ; therefore the symbols $ j and £ + , J when 

m J m+ 1 J 

prefixed to the same function mean the same thing, that is 

X 

P 'M 


* I M, 


: H+# 
m-fr • 


* 

4* 


Also because j» J M #+I is the symbol for -f- M n+t p 

X 

and * j M x is the symbol for M„ -f. 

X 

+»+ 2 ^ + &c M m , therefore^ J M x = M # — M w+# 4* 
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J) M ,+,’ ^ also = M„ + M /+ , or a ^ | M #+ „. 

This last is also evident from above. 

Art. g. It may be proper to state that the symbol ~| is not 
necessarily written with the letters x,p, n, m ; but that with 
other letters it will, mutatis mutandis, have a similar meaning: 
the first or highest letter within the symbol expressing the 
constant increment of the variable quantity above the symbol ; 
the second, the value of that variable quantity at the com- 
mencement ; and the last or lowest letter the value thereof at 
the end. If this letter be infinite, we omit its notation and 


write the symbol thus £j. If p, or the first letter within be 

infinitely small, or o comparatively with finites, then the 
* 

symbol will stand » | and will express the integral of a differ- 
ential expression of x between the limits n and m of a?, and 
will be the same as the fluent of a fluxional expression 
between the same limits, mutatis mutandis. 


Art. 4. h a , L b , L t , &c. are put to denote the number of 
persons living at the ages a, b, c, &c. in a given table of mor- 
tality, and L . - is put for an abbreviation of L xL.xL . 

v ** v> c t arc. * a 0 c 9 


&c. also L . . is put for an abbreviation of L , 

x x a t € t c, at c. * a-rx» 

xL. ; L. for an abbreviation ofL . , 

{* : a, 0, c» «c«) d, e, f, arc. 


* V* 


x L c+X &c. xL,xL,x Iy&c. 

Hence the chances of nominated persons of the ages a, b,c. 


&c. living respectively, the times x,y, x, &c. are 
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-4 ~ &c- considered independently of each other ; and the chance 

C [ 

that the event shall take place conjointly, that is, that every one 


of all the events shall take place is 


u b+y 


«•» « 


See. 


or ±±£Jt±2e£±*d £. . an< i if y )%) & c . are eac h equal to x, the ex- 

a 9 b, c. Sec. 

pression may be further abbreviated thus, * L ‘ a, i ’ Note, 

tf) b f C» Sec. 

that one year is considered the unite of time. 

And if r be the present worth of one pound due in one 

: a, b, c, Sec . _ 
b, c. Sec. 

pound to be received in the time x in case nominated persons 
of the ages a, b, c, d, & c. should be ail living at that time. 


year certain, r ** will be the present worth of one 


Corollary. Hence, " 


* i a, b, c , Sec. 


I r «, -r will denote the pre- 

I n : a, b> c, Sec. 

sent value of a periodic income of one pound, payable at equal 
intervals p of time, the first payment - being to be made in the 
time n, and the last in the time m, on the contingency of the 
persons whose present ages are a, b, c. See. being jointly liv- 
ing at those intervals ; interest being reckoned at the rate 
per cent, which makes the present value of one pound certain 
due in one year equal to r; and if there be no danger of 
mistaking the variable radical, we omit it in the prefixed 

PI • a, b,c,Stc. 


symbol, and would write the last expression «l 

m I s a , b, c* Stc. 

and this we would write still shorter when a more developed 

r 


expression is not necessary, thus 


*1 * 

M 


Sec. to signify as 



•SI 


estimatim ike vahu afiife cmtmgencies. 

before. The present value of a periodic income of one pound 
payable on the joint lives of persons of the present ages a, b, 
c, dec. at equally distant intervals p, the first payment being 
due in file time n, and the last in the time m, the present value 
of pne pound certain due in one year being r. 

If there be not any character in the place of the r, in the 
last symbolic form* file interest is supposed to be the same as 
in some previous consideration, which shall be evident from 
the text ; thus, if we had been conversing of an interest of 
$ per cent, per annum, we should write «"J a, b,c, to express 

the present value of an annuity of one pound (that is one 
pound payable yearly) on the joint lives of the present ages 
a, b, Sec. the first payment to be made in one year, because 
in this case />e=i, n—i, and m is infinite, or extends to the 
longest possible duration of life. 

Art. 5. If the income is on the present ages a, b, c. Sec. be- 
tween the terms Sec., on the contingency of » or more of them 
being living, we write as a symbol of its present value 




, b, e, &c. . and according to this notation we should have in 
the following particular cases for the present value of the in- 


come 


*■ k, c .when the income 


It p *». , *> the same as « 
mb m| 

for file term depends on two or more of the three persons 

r 

whose present ages are a, b, c, being living ; ») <«»»■* . when it 

wji 

depends, on one or more of the three being livings that is, 

r 

what is termed cm file longest of the lives ; and « k »> < 

Tit JO 9 

Gg 
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when it depends on none, or arty of them being living, and 
is therefore the income certain and quite independent of 
the ages a, b,c, and therefore this- case may be written with- 

r 

J\ 

out those letters, thus * , and will be expressive of the pre- 
sent value of an income certain for the term, ficc.; o inserted in 
the angle signifying that it does not involve any contingency; 
and this presents us with a ready notation for the purpose" of 
expressing an income for a term, a rate of interest, and a 
periodic interval of payment given on any nominated contin- 
gency specified by any particular character, by placing that 
character in the angular point ; thus if the contingency in- 
volved were designated by the character C, then the income 
for the term, rate of interest, &c. depending on that contin- 

r 

gency, we should denote by 

r 

y\ 

Art. 6. Moreover, as » expresses the value of the in- 

m lo 

r 

s -'l 

p I 

come certain for the term, and » — expresses the value 

m U 

of the income for the term on the contingency of v or more 
of the persons of the present ages a, b, c, &c. being living ; the 
excess of the former above the latter, will express the value 
of the income for the term on the contingency of + x, or 

more of the persons being dead ; if |* be the number of persons 
in all : “ because it is certain that out of /x persons living at any 
“ time, there will after that time either be v or more of them 
“living, or v — 1 or less of them living including e; but*'— l 
“ or less of them being living, is the same as p — »>-f- 1 or more 
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“ of them dead ; therefore the chance of v of them being liv— 
“ ing + the chance of f* — v-f-i of them being dead, is equal 
“ to unity, that is certainty,” and the said excess will be writ- 


ten * 

m 


• k b, c, Sec. 


, and is expressive of the chance of v 


or more being dead, it being equal to ^ — v -f- 1 ; or p, that is,' 
the number of persons in all being =«■+» — 1 ; and as tlie sign 


of summation and the interest indicated by r, the present va- 


lue of one pound certain to be received at the years end, affect 
both contingencies alike, we may join those contingencies and 


r 


use but one symbol, and we shall have 


XI 

It 

m 


— , a, b, e. Sc c. fgj- 
°» * 


value of the income for the term on the contingency, that out 
of it v — 1 persons, there shall be it or more of them dead. 

r r r 


Accordingly 


would * 

m 

-.a. b. c, { 

— • a,b,c i and £ 

— » a, b , c re 

3 

k 2 m | 

1 0, I 


spectively signify the value of the income for the term on the 
contingency of one or more being dead, of two or three be- 
ing dead, or of all being dead. And these besides being an 
appropriate abbreviation of the expressions, likewise indicate, 
that if from the value of the income certain for the term we 
subtract separately the value for the income for the term on 
the contingency of all three being living, on the contingency 
of two or more being living, and on the contingency of one 
or more being living, of three persons, we shall have respec- 
tively the value of the incomefor the term on the contingency 
of one or more being dead, two or more being dead, or of all 
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n 


ii,&g,£c. 4 


being dead of three persons. Again &> *•***', 

£) * 

or, abbreviated, n a,i>>c,&c.—a, b, *>&c. would express the, va- 
in f— nf * 

I ue for the ter/n of the income on the contingency of there 
not being more living than v — 1, and not 16*# living than 


» — p ; and taking a = 1 , we have »{*> 6. «. &c —«- *»*»**•. the va- 

lue on the contingency of there being precisely »— -l of theitf 
living; and if there are /* lives in all, the same symbol will 
also express the value on the contingency of there being pre- 
cisely /*— » + l dead. 

Art. 7. If the income for the term depended on *, or more 
nominated persons of the present age a,b,c, &c. being living, 
on ✓ or more of the present ages a 1 , V, <f, &c. on /' or more 
of the persons of the present ages a", b", c", &c. being living, 
we should express its present value, thus 


r 

£l a, b, c, kc. : a 1 , V, c“, Sec, a*. V, c”. Sec. 

m{ r / V, Icc. 

If the income for the term depended on some contingency 
designated by C, provided there were » or more living of 
the persons of the present ages a, b, c, dec. we should de- 


signate it thus p 


m 


i£i h. &c - And* therefore, if there were 


*. * 


1* persons of the ages a, b, c, &c. in conformity with our plan. 


we should denote by * 

m 


— ; a, b, «, Ac. the present value of the 


income on the contingency C, proved » -f 1, or more of 
the persons of the present ages, a, b, c, &c. were dead. 



Art. 8. If one pound is to be received at the expiration of 
the first of the equal periods’/, after the expiration of the 
time »— /, which shall happen after the failure of any of the 
above conditions of joint or single existence of the persons in 
question, provided that that failure should take place between 
the intervals ii—p and m ; the present value of this sum will 1 
be the present value discounted for the period/ of the income 
on 1 the contingency of the conditions not failing, the first pay- 
ment to be made at the period n — /, and the last at the period 
m—p, less the present value of the income on the contin- 
gency of the conditions not failing, the first payment to be 
made in the time n, and the last in the time m. Thus suppose 
the income, payable at every interval /, of one pound on the 
contingency of certain lives remaining, the first payment to 
be made at the time n, and the last at the time m, be repre- 


r * 

sented by * — , and therefore a similar regulated income of 
iw C 


which the first payment is to be made iri the time » — -/, and 


the last in the timetri—p, will be , and the present 

value of one pound to be received at the first period / which 
shall happen after the failure of the condition, &c, is 


ft X *— p 


C 


71 

■ n I . 

m|C 


Because 


is the value of onie 


pound to be received at the period *• in the contingency of the 


conditions not having failed, on or before that time; •j-jj- r" 
is thechance of its not having failed on or before that time; 
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in the same manner n—p 


r 

k— p! is 

i«— c 


the chance of its not 


having failed on or before the time w—p ; and the excess of 
the latter above the former, is the chance of its failing be- 
tween the intervals v—p and v, which multiplied by r* gives 

r r 

— , for the present value of one pound, to be 


*— P| X T* 

*->|c 


received at the expiration of the time «■, in case the condition 
should fail between the time v—p and ir ; and if v be succes- 
sively interpreted by n,n-\-p ; n-f-ap, &c. m, the sum of the re- 
sulting expressions, will be the value of one pound to be re- 
ceived at the first of the periods p from the time n—p that shall 
happen after the failure of the condition, provided that that 
failure takes place between the periods n — p and m ; but because 


, P , 
1 + »+P 

m+>| 


■i— ■■■ 1 1 ■■ 

> C 


, P , 
T *+*P\ 
»+*jl 


+ 8cc. 


M 

w 

p 

• " r . 
m C 


and 


similarly 


r 

r 

t 

n p 

7 

. * 

-p\ —— = n —p — - + 

n 

+ n +p 

-n c *—P c 

n 

C n+p C 


ft- 


therefore the said value is equal to 


il 

-P|( 


x r f - 


v-v 

p 

n __ 

mj c 


as above asserted. 


r 


From the two equations first cited, it appears that J-p L— . i 

' m-p |c 


V| 

'L. 

mfC 


*—p\ 


the value of the above contingency 
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r e r 

therefore becomes (r*— 1) .ij|— - + j «5|- «j— - J . rK 

r r 

If we look to the expression a *J — %r ? — « , we shall 

m—p |C m|c 

discover that if the increment of some variable quantity x be 
equal to p, and that be the only variable quantity concerned 


in the functions 


x r“, that our quantity, the value of 


the assurance, will the increment thereof after x be made equal 

r 

7 


to 0, and the assurance, or the increment of 


P 

m— * — • 
ft—* c 


X T' 


P » t 

thus modified, I shall denote by n — . And in conformity 

* m c J 


with this notation, I should write » 


a, b, c, See. for the assur- 


ance of one pound to be received at the first of the equal 
periods p from the time n — p which shall happen after the 
tipie n — p, and not after the expiration of the time m ; after 
the extinction of the joint lives of the persons now aged a, b,c, 


See. also by » 


a, b, c, &e. j should denote the present value 


of the assurance on similar conditions with respect to the 
failure of the last * survivors, &c. When m is infinite, or is 
supposed to be the greatest possible limit*, we, in conformity 
with the notation hitherto used, would write those . expres- 



sw?n$ iSS^iiyely 


fiT** 


a $ b, #y&c. p L l 


> when pm% 


ri 

and the time m is not the inmost limit,, they will stand tfar- 

| c 

r f 

a ^ -'™* C ‘ VtihSdBki and when m is the utmost limit, *nd 

m]. 


p=o, they will stand *jL— w j - T l T - 7 . f &c. These denote 

the assurances of one pound to he received after the failure 
takes place ; and if they be multiplied by r*, they will denote 
the value of the assurance, if the money be to be received at 
dm time p after the event takes place, whenever that may 
happen between the times n and m; and this is properly what 
should be called the assurance of the sums, though writers call 


a, t, Sec. 


These denote 


what 1 denote by 


» v 

V| V 

p\ t 

"nr-* # 

"IT * 


b» c, &C. 


fitc. the assurance. Sea 


fph^iium. 

Art ip. It is often necessary in calculating from tables, to 
have a method of interpolation for the discovery of terms not 
explicitly contained in the tables ; if, for instance, we had the 
function M„ „ „ calculated in a table, for values of *,y,*s, 

$tc. taken in as -many series proceeding in arithmetical pro- 
gression, according to certain scales of differences, and we 
wish to have the value of the function, when some only, or 
neither of them are in those series. And for this purjmae-the 
method of finite differences, when the differences converge, 
is applied with great advantage, as is well known, 
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% the prefixed symbols A. A*. A*, &c., I mean the first, 

j * * * $ ff t 

second, and third differences of the function to which, it is 
prefixed, arising from the series formed by writing x, x-f 
x+«i, a?+ 3 1 , &c. in the place of at in that function. Hence 
finom the method of differences we have 

i i\ ■ i -i 

+71-^4. fc «. *«• + &c. 


-y w. i 

==, - *• +T • -j— A* * «, », *, & c . , &c. 


brC • * c - +T • 7" ^ ^ » I «. i, c, , &c. 

m — a ib <*m 1- . - - 


£_I ' 

-j--- 7 — * *]«,&,*,&<:., &C. 

ovm ' — . 1 

And in a similar manner are other expressions written. It 
may be often of advantage, where the text is sufficiently ex- 
plicit, to use the differencing symbols and omit the others, 
leaving them to be understood, and to write, for instance, 

r 

71 

*(*+*» e , &c. = 

« u 

r 

wj » 

«L ^,+7^: + — • A : + &c. 

m L «« 1 * a . 


1., 


p * A , _ 

7 • : + &c. 

0 ST 
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Section II. Art. i. If there be any function M^, which de- 

creases as x increases, and for x we write a?+R, the function 
will be transformed into and may be developed into 

M x — n Mi-f-n* M"+»* M", &c. where is positive ; and 
if « be taken sufficiently small we shall have M >+Jf =s 
M^—nNf sufficiently near. And nM^ will be nearly the 
decrement produced in M s by writing x+n for *>• And this 
approximative decrement is proportional to n. Hence it ap- 
pears, that the number of persons living in any table of mor- 
tality indicating the number of persons living at every pos- 
sible age, that is to any fraction of a year or unity of time, 
the intervals of age may be taken so small, that whatever the 
law of mortality may be, duri$|^ any portion of any the same 
interval, the decrements may be considered proportional to 
the time. Observation informs us, that this proportionality 
of decrement may be admitted as affording a tolerable degree 
of accuracy during very long intervals, and in that respect, it 
gives us some idea of the nature of the function of mortality ; 
but independently of observations from known results, we 
see that we may approximate to any degree of accuracy con- 
tained in the tables, by dividing long intervals into shorter 
intervals, and taking, whatever may be the functions of mor- 
tality or of living, the decrements proportional to the por- 
tions of time between the separate intervals, and thus if we 

r 

wished to find the value of « L b, e, & c. , that is the value of 

m I ., m . ■■■■■ —— ■ ■■ 

an annuity of one pound on the joint lives whose present ^ffes 
are a,b,c, &c. ; the first payment to be made in the time «, 
and the last in the time m, at a rate per cent, indicated by the 
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present worth r of one pound to be received, certain in one 

r 

one year ; because 'n\a,b,c,*c. = (r". L n;a-6(1 . >&c . + 

fH *■ ■ 

»•"+'. !»,+,: r*h mt4lt divided^ 

bq,b,e, ue. , it follows that if the interval be taken sufficiently 
small, the decrements being considered proportional to the 
time, and f be taken not greater than m — n, we shall have 
t*+«.L»4 c. —r* +t * L*+ a — e L'*+« x L i+ „— f L' 4+ , x 
L<r+»i — f . Lf+n x &c., by using, mutatis mutandis, the notation 
above, and this is =r” + f. (L* : b, t, *c. — ? ( L'„ + , . L* . bt Ct 4c . 

“I” lAx-J-J . Lgju, . (L «+a . L'm + 6 • ki : e.icc. 4“ &C.) 

— &c.) =* r"+« . L„ s tf> £> 4c . * (A,f •+■ B„ ?*— &c ) ; A„ B„ 
&c. being put for the coefficients of the different powers of (, 
are constant during the interval of uniform decrement, and 
consequently, by writing o, 1, *, g, &c. for we see how we 
may obtain the value of annuities approximately for por- 
tions of time sufficiently small, and that we therefore have 


r j 

p 

— V 

+ . r— • Sc c. 

"^1 fl 5 41* C» &C« ^ 

n Ilf* <?, &c. sss r* *~“E — “ * 

— 1 4.*J! Arr*. 

1 r* 
r* 

&c. 

Jfcr* 

3r> 

4%C, 

4 r * 

9 rl 

&c. 


r*-* 

L 

fH— m , r*— * 


and if T w _ m be put = i -f- ^ + r ** 

• • • « 



■+■ S r *+ 4J 4 • • • • « — m . r*~ m , T'^r+^-f-gr 3 n— «]* . 

r*7“, &c., numerical values of which may be arranged in a 


small table, we shall have ’ 
»(T„-A,T._.+ B.T'' " 


a % b , c, Src. sss r* , 


~*n : d, bt c. Sec. 

L * b, e. 
&c. ) and by repetition 


r 

and addition we may obtain Tl «,»,«. fee., that is the value of the 

«] — 
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annuity on the whole possible joint existence : and where 
there are many lives concerned, perhaps this may answer 
with as little trouble as by the common methods by the li- 
mited tables ; and any accuracy may be obtained that the 
tables of mortality will afford, by using sufficiently small in- 
ternals ; which is not the case When the common method is 
used, of searching in the tables of two joint lives, and then of 
a single life, and then of another life with this single life, &c. 
till we have comprehended the whole number of lives. • 

Art. a. Moreover any functions M* +m , may be developed 

into the form . ir miA * + m M * + &c ' an( j j consequently, if 
n be sufficiently small to admit of all powers of n above 
the first being omitted, we shall have M #+m sss M x . ir mMx ; 
and if this remark be applied to the function L a+ „ of the 
living at the age a+n, we see that we may take an interval 
m, from n so small, whatever be the real constitution of the 
function, that the number of the living, during that interval, 
shall decrease so as to form a geometrical progression very 
nearly, whilst the portions of time increase in an arithmetical 
progression ; and that the decrements of living are also in 
consequence very nearly in geometrical progression : and 
we may moreover in this, as in the former case, accom- 
modate the function so as to be accurate at the two ex- 
tremes. Thus, for instance, if we wish to have an approxi- 
mative expression in a geometrical progression, for the num- 
ber of living for ages from ao to go years, which shall be 
exact for the age bo and go, according to the Northampton 
tables of mortality. Assume it any convenient number at 
pleasure, say 10, take a &s *©, and a + n =* go ; n = 10, 



estimation of the value of life contingencies. 

Log. of L — Log. of L. 


*33 

, Log. of L. Log. of L 

and we have L a = L' I0 = — - — -= -.,0068317 

acco^ng to the Northampton tables. And when n is any 
thing from o to 10, L J0+B =s L M . io— 00683 ' 7 ", and the loga- 
rithm of the numbers of living at the age ao+n=3, 710*866 
— 00631 7«. Hence we have respectively 


lg at the Ages 
Aceoraing to the Nor - 1 
thampton Table 
Ditto, Geometrical 
progression - - 
Deficiency of the Geo- 

metrical progression 3 


20 

21 

a 

*3 

*4 

*5 

26 I 

27 

28 

29 

3 ° | 

5132 

5060 


49 JO 

4815 

4760 

4685] 

4610 

4 S 35 

4+6o 

+38J 

5132 

5051 

497 * 

+895 

4319 

4744 

4670 

9457 

45*5 

4454 

+385 

0 

9 

«3 

•s 

iJ 

16 


*3 

,c 

6 

0 


r.L* 


Art. 3. Hence, if we consider L x+T = L x . iol *, whilst r 
is not greater than m—n as a sufficient approximation ; and 

r 

we wish to find the value of » Jo. b,c,Stc. we have by writing g 
for the common logarithm of r, and putting £ -J- „ + l/ fc+K 

r 

+ L 'e+«+ &C- = »\« ,b,e ’ kc. — io) X (l + Tof* 


b, c , Ac. 


+ + lof-**) = r^ B{ . 


w - |, +pb 

i— 10A* 


c, Ac. 


; and by restorations this may be written 


1 — r m 

: a, b, e, &C. 

1 —1* . L_ 


r . «:a, ft, c. Sec. 

*c. I ~ rl ’ , lj »+»;a. 

: a, ft. f, &c. 

Art. 4. If the number of living, corresponding to times in 
arithmetical progression, form a series in geometrical pro- 
gression, we should have 
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T 

jL = r'. (* ^lfdY+&c (rf. 

w ■ b &%b J <>w 

r 

|L,*; e 4 4. &c 

n * ^ *iJi* / 

and also 


(rf.h±lj + &c. 




Hence, if - f^ 1 = then >|* as pa.b ; and also 

* a, 6 m m mm 

r r 

Tl y| 

^|a,fr,c = that is, according to this hypothesis, if the 


value of a periodic income of one pound to be paid at the ex- 
piration at every interval p, for a given number of intervals, 
on two joint lives, whose present ages are a, b, be equal to a 
similar income on the single life, whose present age is *, then 
the similar income on the three joint lives of the present ages 
a, b, c, will be equal to a similar income on the lives whose 
present ages are t and c. And it also follows, that a similar 
reduction may be made for more lives, and their value thus 
obtained according to the hypothesis. And this, I imagine, 
is the foundation of the practice for determining the value of 
annuities, on many joint lives, from two tables, of which the 
one is on single lives, and the other on two joint lives ; and 
we discover, that if the same geometrical progression, or a 
proximity thereto, does not continue through the whole, or 
the certain portion in question of the lives, this method, which 
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may be considered the general practice, must often lead to 
error. 

It may be worth observing, that ifL a+n , h+n’K+n ,&e. were 

»| r / j* 

respectively equal to L a .v” a, L t .ir n b,L c ir n • , &c. what- 
ever positive value n might be, that is, if the living from the 
respective ages a, b, c, &c., whilst the time increased in arith- 
metical progression form series in a geometrical progression, 
then would the present value of the periodic income on the 
joint lives of the ages a, b, c, &c. be the same for the same 
term, as on ages older than those by any number of years, 
either the same for each, or different. And hence we may 
have some reason to suspect that the value of annuities given 
by tables on old age, by assuming a necessary term to life, 
as is done in the adopted tables of mortality, is likely to be 
far from the truth. 

r 

V' 

Art. g. As to the calculations of the values of » a, * ,c,&c -» 

m • 
r 

n r» b - c - &Ci : *'• *'» * z — ! &c - - See Art. 6 and 7. Sect. 1, and 
»|» * 

other expressions therein contained. Besides the usual mbde 
of reducing them to their equivalents, a number of combina- 
tions of joint lives, for the purpose of working from calcu- 
lated tables, which, when the lives are many, will be a labo- 
rious task, and subject to the errors of numerous interpola- 
tions and of the other approximative modes which will be 
necessary in many cases when the lives are numerous, it may 
be easier to work them directly without such reduction, or 
by reducing the terms to geometrical progressions for short 
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periods, &c. and for all these purposes it is necessary to have 
the value of the contingencies referring to each payment. 
And in order to this, for the sake of brevity, let E a> „ what- 
ever a and n may be, represent the chance that a person of 
the age a, shall be living at the expiration of the time », and 
D t ' H be the chance of his being dead at the expiration of the 
time n. And consequently, E ->n + D a>w = 1 ; also F a> „ = 

X, l 

~T ~— , and D a u =s 1 Moreover, if we introduce any 

letter a? as a multiplier of E a# n , if x be equal to unity, since 
E an = x . E a > „ , we may under that idea of s being = unity, 
write s.E„ in + D a> „ = 1 , xE a> „ + D e# „= i,&c.; and also 

( X "f* ^a,n) x ( x Eft,* 4” Oft,*) * ( x E e< „ + D c ,n ) 4^°' 

= l ; and if the left hand side be multiplied out at length, 
and there be p, persons or p. multipliers, then the coefficient 
of X* will be the chance that all the p, persons shall be living, 
the coefficient of x' 4- 1 will be the chance that there shall 
be p — l and no more living, the coefficient of x' 1-1 will be 
the chance that there shall be p, — a and no more living, and 
generally the coefficient of x lt ~ w the chance that there shall 
be exactly p,— * of them living, and the sum of all the co- 
efficients from that of x* to that of x*’"* both included, will 
be the chance that there shall be p . — v or more of them liv- 
ing. If we write i — E„, a for D*,* our equation will stand 
x — l . E + l x x— - 1 . E. 4- l x x— -l . E 4- l, tic. to 

p, terms = i,x being supposed equal to unity. This is an 
identical equation, and if for the sake of brevity we put ss= 
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- the product of all the p. terms 

the sum of the products of every 1 terms, P the sum 
of the product of (i— 2 terms, &c. the equation will stand 

r r JP=V'- p,-, 

when xs 1 ; that is 

/P P +», — ./~ J ,P -tt.Cl C2 /-J P „&r 

M ^ * <x «*• . 1 3 ,jr ABdthecoeffi . 

^the chance of 

* l/" ! P o-„ their being at the 

VM r r Via2,«C. expiration of the 


+/“ J p 


/*-j. j 


&C.J 


time, 


Just n_» living in P_„ - £=H P„„ t ,, „+= 
Ditto,.— .-I- 1. is + P,_, 

Dittos— 7r-f 2 • i s - - - 

&c. 


"* 1 V*f 




P irp 

* p~* + 2, »~2 

&C. 


and the sum of these, or the chance that there shall be if 
or more living, is = P^,,-^ . P_ +I , ^ . 

• P„-„+ 2, »_2— &c. Similarly if x, x 1 , x", &c. be each 


/x—r-fl 


unity,wehave the identical cquationsx-i.E^+i^-^E^+i 

x ~ t E g> w *f» i,&c. x 1 . E a ^-j- 1 * 1 * E^„+ 1 x 

^ 1 • **,+1 & c * * ^— 3 i • E a « n +1 x a?"— l . E^ w +i &c. 

= 1, and the coefficient of x* % x* * x x 1 ^ will be the chance 
of there being exactly * living of the first set, n living of the 
second set, / living of the third set, &c. We remark by the 
bye, that if a, b, c, &c. be equal to each other, then the equa- 
tion 1 . E a#Jf + 1 x a?— 1 . E btn + 1 x &c, to (a terms= i, 

will be ®— 1 • E giB + if = i, and that®— ?.E a if being 

Ii 


MDCCCXX. 
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+,. • i=w~X7 + ^ ,«.i=nr*.E r- 

&c. therefore in this case P ^ (0 = E* n , P^_,, , 

P — it >*^* t f'*""* &c 

r p— *> * — ^ ‘ a ^«,n > OCC - ^ 

Section g, being necessary Lemmata. “ 

Art. 1 , on the fluent of L, . L, , . 

7 q+x r+x 

Suppose that between the intervals x—n and x=an-{-m, the 
decrements of life of persons arrived at the ages q+n, r+n, 
each in proportion to the time elapsed from the commence- 
ment of the interval, or that they may be considered so with 
sufficient accuracy. See Sect. II. Art. 1. Put x = n + 1 , L f+jrj 


or kf +»+/ 


+»> ^r+s~ ^‘‘r+n 


• tU r+n ; and the 


fluent of b q+x . L r+ 1 willbe=fluent of (-L ' r + J xL ? +n —t L' ? + „) 
= correction - t L' r+ „ . L ?+ „ + ^ . V r+H . L', + ,; and as 


® L q+y . L r+J . (Art. g. Sect. I.) expresses the fluent of L r+X 

. L r +* from x = o to x = n, this will be the correction, if the 
fluent be supposed to commence from x=o, and our fluent 

X X 

that is X1 L ?+' • **+» will Stand = ^|l ?+x . 4 +x - t L' r+ „ 


• ^q+n m f’T* ^ — *1/^ • (Ly-f.#*-* 

T^s+«)*» but because according to hypothesis t L' ?+- = 

^j + « “"^5 + # + / ’ T* L ',+» ; • n< * a ^ so 

X $ 

m “ti 

* L 'r+» e=L r+»-- L r+*+<» therefore " L ?+x . Ly +I the fluent 
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9 

in question may be written in either of the two forms »|l j+x 

r 

• ^rx* “ 7 ( “* ^r+n+i) x C^ ?+B + L f + „ + ^)i OT ojL f+ , 

'K+*- ( L r+.- L r+»+<) x L ?+ « +i< ’ that is ^ reduction in 


either of the two forms 0 


kf + * * + x 2 kf + » • ^ + ft "t“ 

7 * kr+»-M— ■ 2"^+*+* • + 7 Lr+n+/ • or 

4 F 

Lf+jr • 1^+* — kr+* • + Lr+»+* . Lfl+nJ* 5 ^at 


by using the abbreviation of Art. 4. Section 1, ® 


is 




T^r+iis y+R 


■4“7^+ w * r+n-M“~“ 2 + r+n"t“ 2 kr+#+J>0+#-M 


jr 

OT »j L^ x . Lr+i”” I-T+H>9+«+i* "1“ kf+K+<> g+s+Jt' 

Art. 3. Hence, if the deaths cannot be considered as the 
times, with sufficient accuracy, during the period x; but dur- 
ing any portion of the limits o and «, t and *' and t", «* and 
&c. the deaths produced in any portion of the same limits, 
are proportional to the portions of time in which they are 
produced, or may be considered so with sufficient accuracy. 


then as we shall have 0 


k?+* * ^r+x 


to, we shall have 


• Lf+* sss -“— L r ,j + — L ? ,r+|— x h. ? ^. 1>r -f-—Lr4-,,y+.; 
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* 

and also = — Lr, ? +j, -f L r +,, 9 +|, ; this appears by merely 
writing o for n and s for t in the above formulae. And if we 
now write < for n, and e' for t in the forms of Art. 1, we shall 


0 

have 0 , 
•+*' 


^7 + x ' + i 


+ * 1 .f x ““ T ^ + •> f + * "l* 


~Ly+.,r+.+. — •7L ?+l+ ,', r+l + —L r+I+I ', i+t+ ,' and also — 

r 

. L r+x — L r+l , ?+I+ j, -f- L r+I+ ,,y + , + |,'. And by con- 


X 

H 


tinuingin this manner, we shall arrive at the value of "jl^+x 
•L where n = £+«'+ f, '+ Ac. ; and therefore by dividing 
the intervals into a sufficient number, we may find the fluent 
of Lj + x • Lr+x to the utmost degree of accuracy, that the 
tables of mortality will admit of ; and for most purposes, by 
dividing the time in but few intervals, the requisite accuracy 
will be obtained. 

Art. 3. And considering the decrements also equal during 
the interval m at the expiration of the interval n, we have 


0 

n + m\ 


L . L r4 .*, that is the fluent of . L r+X from x=o 

q+x 


to x=«-f-m, = 0 


L 9 + x*Lr+x -LL ? +„ >r+ , l+w> 


“^f+ M +w, r+n-f t h'y+H.+ni, ,•-)-»!+ m> and also® jLg^. r . Lf-f*— ■ 

L r+n,q+ » + im—L r + n + m, <,+n+\m, these are obtained by wri- 
ting m in the place of t in Art. l. 

Art. 4. And if t, e", &c. m, be each equal to, or less than 
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the interval of the times between our tabulated numbers of 
living, these may generally be considered to give the utmost 
limit of accuracy the tables will afford ; unless that there 
should appear sufficient regularity in the numbers of the 
tables to warrant a belief that an interpolation will offer a 
more accurate determination of the number of living for in- 
termediate intervals than the first differences only will give ; 
in which case our intervals s, s', &c. m, should, to obtain our 
confidence of their attaining the utmost accuracy, be taken 
smaller than the intervals of the tables, by taking their cor- 
responding numbers by interpolations. 

Art. 5. It may be observed with regard to Articles 1 and 
2, that when the object is only the calculations of the value of 


0 


L q + x . L r + the less developed form 


Lf + x • Lr + x — 


(L r+ „- L f+M+ *) • Ly+w+i* of its value, may be more conve- 


nient than the form <> L q + * . L r + * — U + *, , + « + # + 
L r+»+<,g+»+l<; an(J ^ at n being = e+f / +6 // + &c. we shall 


0 

have 0 

n 


-'g+x, ""(L r ~L r + l ) * ""^+1+.') 


' + i + (Lr+«+i'~~Lr+* + «'+i") • ^+*+»'+i»'» & C * 

Art. 6. From Article 2 we have 


«+•' 


I T — 0 
u q+x * H+x — ( 


2 ‘kf+ii g + i'f’ 2 


jLg+t+i /+,'+ 7*L ? +«+« / ,r+»+i /; b ut ® 


Lg+x • L r + x — — 



sg» . Mr. GoMfERT*** anatjm applicable U f W 

* J , * 

•‘^r. « + T 7 ^«+*» ' an< * co * 


.+/}l*+**^+* ** ""** T H*' 7 *V+‘»' 7 H+ *#*$*' 

7 L f+ ^ r+. + .'— 7 L «+.+Ar+. -h 1&, +.+/„+*> WtoSd*’ IT 

in Art. i, we take n=o and *==*-}-«', we shall have 


( 4/{^f+*4+* — 1 “ 7 7^>*'+* +» f 

-—1^+,+,. r+,+i'. And we ape here presented with two d If* 

# 

ferent forms ibr the value of | "^jl- e+x . L,. +I ; that is of the 


value of the fluent of I^ +I , . L r+ „ whilst x from o becomes 
«4-«' ; the latter form being on the supposition, that the de- 
crements are proportional to the time throughout the inter- 
val *+f', and the former, that they are first proportional to 
the time during the interval t, and that after that they are 
again proportional to the time through the next interval *'. 
The reason of adducing these two, which are commonly ap- 


proximate values of^jL 9+x . Ly +jtJ is that several ingenious 

authors in the solution of some of the problems hereafter to 
be considered, have taken as an approximation that if two 
persons, who were living at a particular period, are both dead 
at any nominated period after, within a certain limit, that it is 
an equal chance which of the two is the survivor ; which as 
will appear is the natural consequence of supposing the de- 
crements of the lives during every part of that period, to be 
in a constant proportion to the time elapsed from the com- 
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mencement of the period. But die mode of analysis pursued 
i, have led them to divide their periods 
into two, the one a period generally of several 
yeiiiW; anid ihe otnaf a period of one yearonly, arid they hdvfe 
calculated for the two periods separately, and added the re- 
fcfttof the two. This mode would he given from the first of 
the two forms of this article, which is extremely more com- 
plex than the second form, and apparently with very little, if 
any advantage; for if the decrements were accurately in a 
constant proportion to the time from the commencement, 
theywould be perfectly of equal value; though the one pos- 
sesses so much more simple a form than the other ; and when 
they are each but approximations, there will be but little 
choice to be made between them, in point of proximity, in 
the use they are to be made of in those problems ; though 
there will be a vast difference in the degree of simplicity in 
the resulting formula. 

Art. 7. Hence the value of L^ + x x (fluent of L, +x . L r+X 
commencing with x equal to 0) will form Article 3, when 


(\ 

he — \ — 7 

7^ + » + •> q + n, r + » + . — “7 *? + « + «, « + » + ** r + » + 

■7 L>+«+., q+H + h r+ „ +t ; and when x becomes «+«+«', sup- 
posing the uniform decrement to last through the whole 


) 

l + M,r + tt/ "t* 


period i-f-i', the fluent will be L p+ 


1 f 

■7 + *, r + ft 


) + 




Lq+x L r+X - 


'I % 

T H + « + ■ 


+ •'> q + n, r + H + I 4 / 


tfP 4 # 4 « 4 i*, ^+* 1+144 r+fiH* % ^4>t4»4« , i$4*4«4« , *r4*4i4«' 
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and the excess of this above the other, that is 


/..ft" 

' 0 
1 ^ 

.*+** 


.. ?; * aj 


7 ] 


9 -'<v *o^ 

-n " * . $ ■ ( * y* • 


\, ,f\ ( 


^ X n l^1+* • — 7^9+** r +*r * 

T ^t+» • (k*+.+«'s#«r-~Lir : ff:#, r) Y^ Jf + m (^H+t'sM"" 

' ■ . ^ 

^»+«: p,q) *4“ “ (!*+«+»' ip.f, r *■’* !<•+• ip,q,r) See the nota- 


tion,' Art. 4. Section 1. 

Art, 8. If when x=w and greater, L ?+x , L r+jp is equal to 
0, and the fluent of . L f+jr generated from# equal to 0 
becomes equal to v, be y, then L^ +i . fluent of (L ?+Jr . 

commencing with x=o), will when x=*sv-|-m be =*7L^ + , +y> 
ft being positive. - 

Article 9. On the fluent of L^ +Jf . >Jr . Ly +ir , that is, if 
L x .p iq . L f+X by notation, 'Article 4. Section 1. 

If between the limits x=n and x=n-|-m, the decrements 
of each life be sufficiently nearly proportional to the times to 
admit of their being considered proportional, and x being 
put = n-\-t, we use the notation L^, +x j= L^ +b — ^'p+n, 
L q +*= L ? +„- tL ' q +n> 4+, — 4+n - th 'r+n . we shall have 
4 ’ U+x~ — ti*r+H * ( 4 *^,* — 

t* L^ + , . L' ?+n ). Hence the fluent generated whilst x from 0 


becomes = n+m is = « L x . M . 4 +*— «*U r+B . ( 4 :ft f — 

T^+* # ^« + « * 4 “ 4 + * • 4^+*) +7 * * 4 j+») 8=8 



acceding to liypothesis L p+ „ +fm s» L, + „ — ~ « &*+••*** 


^+»-fJ** ssL f+*”“ T OT ^f.+» ; and ty notations Art 4. Sec- 
ton ». Stands for L >+»+i» * Vm+|»- And we 

therefore have the fluent generated, whilst x from » becomes 
* 

»«+»», that isT^.^ f •£,+*= ’T mL W» * ( L »+i»> >. f 
+TJ L V+** L' f+- )orits equal— (4+,— I v+ , + ,).^+|«, # . f 

— 71 ( ^V+»“ ^V+n+m) • (^A+* “>+«+m ) • ( kf+» — L f+ „ +m )- 
And here it should be remarked, if m represents one year or 
less, as will be frequently the case in the application of this for- 
mula to questions of practice, that generally the part^ (L r+)1 

““Iv+*4m) • (l^+» — Lp+n+m) • (^f+»“~^+»i+m) wl ^ 
sufficiently small to be wholly neglected ; but should greater 
accuracy be required, the case would be rare if it might not 
be considered constant throughout the possible duration of 
the joint lives. 

Article 10. By writing L f+H —L f+K+m for mL\ +H , &c. we 


shall also have 0 

n+m 


* ^r+s : 


k*: p, q • (L r ^ w 

I'r+it+m ) * ?+»"”“ kf+„+»)*— T^f+* 

* ^>+*+m) H* Y(L f +B“^+»+m) • (^+»“"^+«+m) } 


(L r 


+ » 
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“ L r + « + J * {-j- L *-M+-g- 

Kk 



1 m 

■j*^«i ^.r+i+T ^Vs#+ 

jK+m-.fipr'* 

Hus form of developement would give the solution of * 
seme problems, to be considered in this paper, in thefdrm 
vbicb has already been given by mathematicians; but there 
are cases of application, in which the form in Articles 9, will 
give a much less intricate solution. 

Article 11. Because L„.^ y — 7 , (^+* >L f+«.+ L ?+«’ L V+") 
+ — I^+» L* ?+B , part of an expression of Article 9, is = 


J<h+n-T l - V J L P+* 


n) • (L, 


'»+*• 


■T-- 


7 f L W+ 




T.( L #+»”T- , + V T-W ,(L f+«"T • * * T “t+» J 
agreeably to the hypothesis + L «+i«-.#, f » Abe&, S 

„ 1 ± v /^E a nd £ = -i- -f. v^-.and therefore the fluent 


ofL * ,L , , between the limits of a?=» and x=»+mis= 

X'prf *‘‘r* 

T L 'r+" ( L «+fc :>,y + L »+*^.y) ““ L 'r+* • 

Article is. On the fluent of L * L «+*; 

Suppose ft and n+m sufficiently near each other to admit 
the decrements to be considered with sufficient accuracy: as 
proportional to the time t in which they are produced; t 
being greater than m, and x = n-b t: a °d the fluent required 
using a similar notatiori to that hitherto used will be firom 



tmi to tmm> wjualto x K+ t ,r,t*r ~ f ( L /+» 

“i" ^}+» r, I, *e.+ ^**0 + & c * “ *’*■' »L'„+, x 

neglecting the remaining terms in which 
w\ m* &c, not herein contained are concerned, as they Will be 
* small if m be small ; though, if necessary, we may pursue 
similar means to those used in the last article. 

Article lg. But if during short periods, instead of the arith- 
metical progressions, we use geometrical progressions, see 
Article a, Section a; and x being =«-}-£ we take Lp +S = 

tL \ 

£#4» * I© ^^>^*4jf = ^4ji. lo) 

and therefore putting *■ for the hyperbolical logarithm of to, 

. <—\*K 

L, +# =s«-L, +w .L ? H + H t id , we shall have if for the sake 
of brevity we put **= V f+H + V f+M + L' r+ „+ &c. + L', + „, 

hr.p,i,r,t,k c. * !•£•+„— * * • ioT* , and 

the fluent generated whilst x from n becomes = n-fm is = 


hx:/,j,r,*,4c.« • * 


L' 


*+» 


((Tof 1 — 1) = — .L' » 


Article 14. Because 

L e+# — l ,+h . 1 o| M+n it follows that ~ L' l+ „=a 

_ Lo « ! of L r+* “ Log o{ K+* 

5 * **"& ^Ual to n+t, 

and t any positive quantity not greater than m ; the same set 
of geometrical series being only supposed to take effect be- 
tween the intervals n and n-fm ; but if the geometrical series 
between those limits only take effect proximatively, our 
flhetff will be but an approximation, though as correct as we 



pfefse by taking the intervals sufficiently email. < When foe. * 
the purpose of approximation a long interval is divided Into 
smaller intervals, one of which, for instance, is from n to »4**» , 
it will not be immaterial for obtain!^ the nearest approxi- 
mation, what value we take for x between a and in 

the above value for an off-hand idea might be, tint 

x should be taken somewhere about n-fi** 1 - 

Section IV. Art. t. Because i — ~ is the chance that 

h 

a person of the age frshall be dead in thetime x, is the 

fluxion of the chance ; that is the measure of the chance that 
he would have of dying during a finite time i, on the conside- 
ration that that cause, if any should subsist, to make the deaths 
disproportionate to the time, should cease at the term x. And 

if this be multiplied by - 4 ii, the product will represent the 

a 

fluxions of the chance of the person of the present age b dying 
in the life time of the person of the present age a, and conse- 
quently,— fluept of L *f* . till is the chance that the person 

a,b 

of the present age a has of surviving the person of the pre- 
sent age b. Hie calculation of this fluent between any limits 
is effee'ed from the articles of Section 3, referring to the 

fluent of L f ^ . L f+X . If for q and r we write a and b, and 
we wish to have the part of the contingency corresponding 
to the intervals between x=» mid x— »+ 1, taking fas * in 


the first of the two forms we have it as,Li ±! — ttiilti t+ * 
and by taking n successively o, 1,8,3, &c. and adding the 


*+*■ 




WSmmBXm 

' hi " 


*49 •' 

b for the sake of conveni- 


oBtaW'iii th^sCifie for- 
; the notation, with the ingenious Mr. MbaBjur 
fessrs. Baiiy and MiLNE'after him, the value of 
the contingency for any part or the whole of life, that the 
age a shall survive 6. If we use the second forhi, the part due 

to the interval Between n and » 4 - 1, will stand li&itl . 

' \b 

•^a+n+i • this form, at least if the tables of mortality have the 
number of living inserted for every half year, would be easier 
in practice than the other. If a less accurate solution would 
answer our purpose, we might take t much larger; if it'were 
taken ten years we should soon get through the work, and 
frequently with sufficient accuracy, either from the article 
now quoted, or from Art. 13. of the same section ; that due 

to the interval between n and n + t, is L b+n+i) • L a+x+t) 


»L 


or- 


i-H*" n+n< 


a, b 


W+»+i<* 


Art. s. That A and B whose present ages are a and b, both 
die during the time; but that B dies last, is from a similar 


argument s=— fluent of (i-i± 5 ) = correction - 

4 ® 

*X~ + fluent of H* ; and this case may be therefore 

found immediately from the other; or the other case imme- 
diately from this. ' But if from the period x=s» to xtzn+m, 
the decrements of each life be proportional to the times, 
however different the decrements of A’s life and of B's ltfe 



3£Q Mr. Gompertz’s analysis applicable to the 

t.‘v \ L'."> /•’•••' ! 1 ; * 

may be; then since — (i— -jp5 \ • may if x=*«-|-t, 

• ‘ L . 

according to the notation we have used be written (*—-77^ 

1/ v L' 

-j- f - yT” j t . - our fluent between the limit Xss» and 

x= n+ tn, will therefore become ( 1 . m - 4 — +, j- 

L a ) u b 

& *u 

. «+»' b+» . t jj at j s a g re eably to the hypothesis putting L a+n 


l . L. 

a o 


^V+n+w — m ■ ? n< ^ ^4+n ” ^4+11+m m • 


L b+«— L b+H+m 




becomes ( 1 f^“ > ) 

v L a ) “b ^4 

. L ?+” , : this if n were equal to 0 would be reduced to 

JL(i - L - a £ ±^*(i ji- 2 ^ ; which is just half the chance 

that they shall both have died in that time ; an approximation 
frequently of service, and used in many, cases by Mr. Mor- 
gan, and the Gentlemen who have followed him. If there 
be a term of possible joint existence, and that be when mssp ; 

and p be some positive quantity, the formula _L(i — 

( 1 — will not answer when »»=(*-{-», if A be the oldest; 

L b J 

when p =0 it will answer and become _L(t — . butwhen 

* L b J 

v has a value, this must be increased by the chance that B has 
of dying beyond this time ; that is, it must be increased by 

± 1 ; but if A be youngest, it becomes when 



mss p+v, '§ ( i — Moreover, though the chance of A's 

surviving B, being half the chance of their both being dead, 
is here derived from the hypothesis of the decrement's being 
proportional to the time in each original age; this is not 
the only hypothesis which will cause that relation, of the con* 
tingencies ; or, which is the same thing, provided they both 
are to be dead, that the contingency of A's surviving B shall 
be equal to the contingency of B's surviving A; for the 

fluxionofthisequationis— (1 — — (1 — -r^] 

L a ) h b H ) 

• • * 

~~ L a+x ~~ L b+x 

L . L L. 

x and therefore , and consequently 

a a+x b+x 


Li » 

taking the correct fluent See. we get x ££f=K . (1— 

a 

k be a constant quantity ; therefore the fluent of (1 — 



u b+ X 


- the fluent of k ( 1 ; which taken to 

h b ) L b 

vanish when x — o is the contingency according to the pre- 


sent hypothesis of B dying after A ; and is =s k . (l- 


u b+x 



( 




u b+x 



Hence it appears, that whatever the decrements of life, or 
the constitution ,of the functions of life, it will be an equal 



S3* Mr. Gompertz’s analysis applicable to the 
chance if A and B are both to be dead, whether A dies alter 

B, or B dies after A, if 1 ^-sask . (i— --ji^ibetegcon* 

slant. ' 

“ Note. If the constitution of both functions of life is of 
“ one and the same continuous character, which Is not heces- 
“.sarily the case, unless they be taken from one and the 
** same continuous table ; then it becomes an interesting pro- 
“ blem to search, what is the constitution of thq, function of 
** life, to admit of the aforesaid equality of contingency of A 
“ dying after B or B dying after A ; on the condition of their 
“ both dying in that time ; that is to say, to find the common 
“ characteristic L which shall be independent of a, b, and x, 

“ such that 1 — k.( 1 — 7 ““)’ the requisite equa- 

“ tion above given. And as this is a problem which, from its 
“ mode of solution, may be equally interesting to the Analyst, 
“ as forming one of a rather novel species of problems, I 
“ shall give its solution for both purposes ; in order to which 
“ I first observe, that unless k be unity, it must be expressi- 
ng 

“ ble in the form -jj-, so that the equation may be written in the 

a 

“ form D a = D b . — D t ; otherwise there 

s b 

“ would not be a perfect similarity of the character L, on both 

D « 

“ sides Of the equation. For the sake of brevity, put — = H , 

a * 

D, . . 

“ and therefore ~ = H t ; and our equation will stand 
“ H - • < L 4+i ~ L «) = H 6 • ( L 4+Jt - L *) ; but b y Taym>r*s 
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i a * L 

“ theorem L a+X =L a + x--r- 4 -— •--f.&c.a* being taken 

L, ,, L. 

" constant ; and also L J+jr s=sL ft +x*-gr+y , 33- + &c. b- 
“ being taken constant ; therefore if these be substituted in 
“ the last equation, it is evident that as the thing is to re- 
“ main true, whatever x may be, the homologous powers of 
“ x must destroy each other ; and consequently we must 
“ have, by making the comparison of the coefficients of those 

l L L 

" powers in the equation, H a • -^ = H l H a • == H 6 

. •** *\ • 

L b L a L b • 

“ • -gr ; H a • -ry sb • -gx, &c. ; and as this is the case what- 

“ ever a and b are, it follows that each side of the equation 

£ L a 

,( must be constant; therefore putting H • — —g, 

“ g and h being constant quantities, we have p = ~.a. And 

L a S 

L a 

“ taking the fluent of this, we have hyp. log of — r = — a* 
“ p being some constant quantity; and this may be reduced 
“ to the form L a =/>. e m . a , e standing for the number whose 
“ hyperbolical logarithm is and taking the fluent again, 
“ we have L a =:«'— e". e*; e, e' and e" being independent 
“ constant quantities, though e" is = — p . ythe independence 
remains because^ . y is arbitrary. And as the equation L a = 

“pe*a, makes L a =/>. y-e'a* sy«L; L a — j-a L a ; 

MDCCCZX. L 1 



•#§ ' Mr. Goim krtsTs <m^» applicable ioikt 
&c. ; aQ the cbnditiqns are folfiited hy f«lfUJii»g thp *»ndi~ 

' ' ■■£<: ' ■ iC **!. fjs;;,'; 

“ tions that H , -4, and H . *4, are, constant. Whence wp 

** 0 * dl r ‘ v 

“ find the constitution is L f as* triete /, «,/*«» 

“ any constants at pleasure. And if I mistake not, it is the 
“ only function which will admit of this equality of chance 
“ continuously between persons whose mortality is formed 
“ from the same Junction ; but if e .‘be ai + *, and • be infi- 
“ nitely small, this will stand simply L a =* f — e" (i a *) ? 
“ or writing gj for e’ — e* and gf for a"«, this becomes 
“ L a “^' — g u a, the formula of equal decrements in equal 

« times." 

Moreover the same idea of l ■ . l treatises 

h a H 

the fluent of -~y~ — r^~ to be equal to the fluent of k . 


■4^“, which if taken to commence with x equal to o, will be 




L J- 


■±k.i. 


‘J>+* 

L 4 


Xl + 


*+*. 


L a+x . H+x ||i L *+* 

ir ,,+ “ t r 


_ * I 1 «+» JL 

' — 7 ”f a L s 


jfcfc* 


f :a,t ; and this is therefore not only the fluent in ques- 
u a , b 

tion in the hypothesis of constant decrements. 

Article §. If at the interest to be made for money, one 
pound discounted for one year were represented by r, and 
we wished to have the present value of one pound, to be re- 



m 

ceived st the first of the equal periods p, after the time » —p 
that shall happen after the death of B; provided he be sur- 
vived by A ; and that that event takes place between the 
periods ti—f and m; then if each separate period p, may 
throughout its duration, be considered within the limits of 
constant decrements, the value of that part due to the events 
happening between the periods v and *■ + p, (*• being some 
Okie of the terms »— p, n, n +p, &c.) from Article x of this 

section will be { h±th±^£±I+it >+>= 


a,b 


a, b 


^ r *+p H*>*±*+\P f* p . ±it±t 9 J± ; and 

b—p a a — \p> b 

if at l>e interpreted by n — p, n 3 n — ip, &c. the sum of the 

r r 

whole will be . Tla — b-p . «U + 1 p>b- 

i. 4 _ ( 

If* be one year or unity, this will be — fl ~*' — 1 x (the an- 

"a, 6 

i L | 

nuity for the time on the ages a — Y an< ^ 0 x 

si 

a nnuit y for the time on the ages a+y and b. 

If the value of the contingency, due to the intervals between 

i : a, S ~H ^w.a+p,b~^w .a,b+p~ b 


w and *+p, be written ^ 

we may obtain the value in the forms of Messrs. Morgan, Baily 

and Milne ; for by reducing the form in the shape l - L -*’ f ‘*‘~ . f +f 

0 

interpreting *• by n-p, n, n -j-p, &c. we have from Section a, 
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„• ■ ' 

far the sum of them all ~ ’ •}«.*, + -ip£ f . • ' 

r *“ * y ' ‘ • , 

i yi 

— — £ s » «-#,<• This is the same in fact as Mr. Milne's 

* *Jt ■ |||-.,.. ( ., :i 

form, excepting something more general; in as much as 
it refers to the case if the assurance be temporary, and 
transferred at the same time, and that the interval 7 & not 
necessarily one year, and that it refers also to insurances 
when the contingencies are taken momentarily ; but it must 
be remarked, that in this case p being infinitely small 

, L *_* 71 , 7 | 

Tip- / — T~ ^7 * "I a ~ t>,b W *U have the appearance 
to some readers of being equal to o ; whereas that is not neoes- 


** 7, A p 

sariiy the case; it is true that the ratio of • « *,b-p to 


L « *• 


a—p, i will differ infinitely little from the ratio of equa- 


lity ; but as they will be each of them infinite, their difference 
may be finite. See how to calculate this value in the Scholium 


Art. 3. 

Article 4. A correct notation of the value in the last article 


is in conformity with our plan — 




And if for L a+Je we write L a — L a+g , it will express the value 
of the assurance on the death of B, provided A be dead at that 

‘ X 

time, other things remaining the same. And because 




*57 


L,tt. )+ . + .-L i+ .) -J J 


^a+x ’ ^+4T’ 


and 


r *+P * +,r+ £ — — m i ; therefore the value 

» m — 


V ^ 

'» / ' 

of this contingency is « U — that of the last article. 


Article 5. No. 1. If there may be a continuance of certain 
independent events, denomin||ed for the sake of distinction 
K, K*, K", K.'", &c. ; and the chances of their continuing the 
times w, x, y, x. See., be denoted by K , K' K", Sec. re- 
spectively, then will 1 — K w , 1 — K^, &c. denote the corre- 
sponding chances of their not continuing during those 
times ; K TO , K',, K", &c. will express the fluxions of the 
chances of those events continuing ; and if these fluxions be 
taken with regard to the respective under written letters 
«/, x, y, &c., they will be the chances of continuance of those 
respective events due to the finite times w, x,y, See. respec- 
tively, on the consideration that at the terms w, sc, y. See. the 
causes, if any, perturbating the proportionality to the times 
of the discontinuance vanishes. And under the like hypo- 


thesis would — k w , — k;, — K", which are the fluxions of 

the chances of discontinuance, express the chances of the 
discontinuance taking place during the times w, x,y, See. 

No. a. Hence we see that — K" K" is the fluxion of the 

X J? 

chalice of the event K'" discontinuing, whilst K" continues ; 



K m is the chance, that between the times n" 

X 
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and m", K*' discontinues during the time of K" 's continuing : 
And if y be either a constant quantity or a fimc^cCan 

* 1 ‘ "* 

— J^Kj k; will denote the chance due tp the time between 

n H and ni", that Is whilst x becomes from n" to be equal to 
m"; that whatever x may be, at the time of K""s disconti- 
nuance, that K* shall be in continuance at the correspoti&ng 
timey. 

No. g. — K; K”) wilf denote the chance that the 

event K' continues during the time y ; with the proviso, that 
the event K''' shall fail Sometime between the times » andy; 
but on the condition that whatever that event shall take {dace, 
the event K" shall not yet have discontinued. 


No. 4. And — — K“ . K") will express the similar 

chance, except that the discontinuance instead of the Con- 
tinuance of K'" is to take place after the discontinuance of K". 



chance due to the time between n and m ; of K discontinuing 
after the event has taken place of K'"s having discontinued 
during the continuance of K' ; if that super-continuance of K* 
should not take place before the time n'. And if in the above 
expression 1— be written for K'^. every thing will be the 

same ; with the exception that that part which referred ba the 
continuance of K', will now refer to the discontinuance of Kf 
having taken place. 



<ea^gmies. 


®59 


w® denote the portion of 

chance due to the time between n and m, that K shall dis- 
continue during the continuance of K', on the condition that 
previously to that event taking place, K"' shall after the tim$ 
a' have discontinued during the continuance of K", 

And thus we might proceed to an infinite variety of cases 
with regard to the limits in time, with regard to the number 
of events, See. ; and however compounded and numerous the 
signs of ftuentixatm and summation may be, and if this 
mode of enunciation be duly considered, it will be found that 
the meaning of the more compound cases is much easier to 
express and to understand, in this analytical language, than 
by a more elaborate phraseology ; and that this mode ena- 
bles us as soon as the meaning of the question is under* 
stood, granting the theory of summations and jluentizations, to 
solve it. 

No. 7. By way of illustration I shall only add here, that 
the nature of the events to which K, K', K" &c. may refer, 
is unlimited ; they may refer to single lives only, to joint 
lives, to joint lives connected with other joint lives, to 
joint lives connected with deaths, &c. And that more com- 
pounded cases may be understood, I also mention that 


:~Fj '♦l 

expresses the assurance of one 

pound to be received at the first of the equal periods p, after 
the time »— f, that shall happen after the discontinuance of 


K"'i provided that that discontinuance happens during the 
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continuance of K" ; and provided also, it happens between the 
time n—f and m; the present value of one. pound certain,*) 
be received in one year being equal to r. *' " 

Article 6. As it is probable that the reader Will be desirous 
,l|| #ee the application of our theory to some of the problems 
winch have been esteemed the most difficult, I shall consider 
the problems which have beat solved by Mr. Morgan, in 
the Philosophical Transactions ; and in pursuing this object, 
I shall take the examples in the order in which they have 
been presented Jby Mr. Baily, in his work on Assurances, 
from page sod, because that Gentleman’s book was in my 
hand when I worked the examples. Note, that the object 
which I denote by p, has with those Gentlemen the par- 
ticular value one year; and is supposed by them to be 
wholly within the limits of proportional decrement. Note 
also, that the present ages of A, B and C, I denote by a, 
b and c. 

Example i. The chance of A dying, the first of the three 
lives A, B,C,is by taking K" of No. a, in the last article = 

-*r b,c , and K'"= — r — ■ * , the fluent of - L a+ll . 

b, C a a, b, e 

If p be within the limits of proportional decrements (that 
is of decrements proportionate to the times) then by Section g. 
Article g, the chance of the events happening between the 


times v and *+p, that 


is * I 

a, b, c 




L-n , t c + 1 ~g ±*lis±2±i % 

»+£.*.« -r If t a x ~r b jr- 

or if p be small; such for instance as one year, it will be 
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simply %£%Zh&l±£ . L — . h> , very nearly*, as the other 
** * g % 

part will be comparatively with this extremely small ; as an in- 
stance, if p answered to one year; a+w, fc+ir, c+w, each to 54 
years, and the Northampton Tables be used: the error caused ' 
by neglecting the part in question, will not amount to the thirty 
three thousandth part of the real value. The error towards 
the very commencement of life, or towards the end, is cer- 
tainly greater; thus if the values of a+ir, b-\-it, c-j-it were 
all go; the error with the same tables, and on the same hypo- 
thesis of decrement, would bear a nearer proportion to the 
real value ; but would not amount to the one hundred and thir- 
tieth part of the real value ; and it should be observed in these 
extreme cases, the hypothesis itself is defective. Moreover, 
the present value of one pound to be received at the end of 
the time it +p, if the event should take place between the 
times it and w-J-p, will be the said expression x r w +P ; and the 
sum of all the values produced by interpreting it, by n — p, n, 
n+p, &c. to m — p, will be the present value of the assurance 
of one pound on the contingency. If we wish to calculate 
this from tables of the values of periodic incomes ; as the 
part due to the interval between it and *r+p, may be ex- 
pressed by neglecting the small part above alluded to, 

r " + P . e -H* or its equal 

L a,b,e 

r w + P L a— b — \p, c-jp ^ L >:a,t + #,c + f+p L b—\p, e — \p 

~~ " b,c />. b — \p, c^\p * kft, c 

x . ZLSihilitSiM ; and therefore we have the value of the 

assurance equal to 
MDPCCXX. 
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r .y, * t 

t±i=its=M „ ?u ^ ii4=ji r 

m [- - — .. l>c m 

This is on the supposition that we “have neglected the value 


*, i — jj. o—ip ■ 


j J a . I * «+$ L «+*+> ^i+»+# 

due to the part — r F x — z — j ; -— - - r x — — £j~ — 32 x 
JL ^ I* ' 

- ±t« as being extremely small when p is small, 

such for instance as one year. But I observe that a near ap- 
proximation of its value in this case is one twelfth of the in- 
come certain foj the term multiplied by the chance of all three 
dying between the intervals n and n-\-p ; and as an example 
of psssi «— i, and the corresponding assurance for the whole 
possible joint existence be required from the Northampton 
Tables, for three lives at the age of 30, at the interest of gper 
cent. ; considering the last income possibly to be received, to 
be at the age 9$, the term will be 65, and the approximative 
value of this neglected part, if the assurance be on* £ioop. to 

be paid for in one payment; will be 1000 x * ** 

= about of one pound, which is less than three pence. 


If we use Article 10, Section g, we shall obtain the same 
portions of the contingencies as has been used by Messrs. 
Morgan and Baily, whence &c. 

“ Note. I may observe that if the contingencies were as in 
“ this example with the exception that A is to die before any 
«* of the lives B, G, D, F, &c. the value would be 


^a—p.b—iP, tf—Q, rf—Q. At, 
b,e,d,kc. 


a— dm 





b,c 9 d, tea. 


<,,b-ip,o-it.a-ip,& tc. very nearly." 


Note also, that if the lives be all equal, and there be q 
of them in number, the contingency of one in particular dying 


r7>-i 

before the rest will be —fluent of -= fr. fl j. 

W ‘ 


commences with x=o) — (1 


>*+* « (if it 

and the assurance on 


that contingency will be — x the assurance on the joint lives. 
Example a. In a similar manner from Art. a. No. 5, of this 

section, writing 1 — + j _ J ±± . h±f for K ", 

c b c b 

h 

and — j — for K'", we have the contingency that A is the se- 

a 

cond which fails of the three lives A, B, C safe — fluent of 

= chance of 


( 


* L x-.b,c- h a+x\ __ 




L g+* ,L «+g + 

u * d 1-1 d 1 b, c 

A’S dying before C 4- that of A’s dying before B — twice the 
chance of A’s dying before B and A ; and the assurance is in 
a similar manner made up of the assurances on the like con- 
tingencies as Messrs. Morgan, &c. have shown. 

— £ 

Example 3. If K" be put = 1 x 1 — that is 

b c 

f ' L - +I , and K w a=-^~,inthe same 

h b, e 

article No. a ; we shall have the contingency of A’s being 
the last which fails of the three lives = — fluent 


c+x 


^ ^ 


-(■ 





s% Mr. Gompertz's analysis applicable to tkt 


H+s'^a+x u c+x * ^x+x , X4 xil,x* L> a\ 



0 # * 


TT. 


+ -TT 




I ; hence the as- 


surance on this contingency is equal to the assurance on A's 
death, assurance on A's death if survived by B,— assurance 
on A’s death if survived by C-J- assurance on A's death if 
survived by B and C, as Mr. Morgan, &c. makes it. 

Example 4. If K"a= t ^(t — . ( 1— and K*' 

ss — c— , we shall see that the contingency of A's dying, and 
that he is the ist or and which dies, is equal to — the fluent 


*±* 






l «+* • l * + » 


TT~~~y Hence, &c. 


Example 5. If A is to be the second or third which fails. 


by taking K"= 1 • 


li t j 

*' namely, the chance that B and C 

C 


are not both living, we have the contingency of A's death 
l • a c ^ , 

as — fluent 1 ,* ‘ Hence, &c. And the assur- 

U b t c t a 

ance equal to the assurance of A's life absolutely — the assur- 
ance of his life on condition that he dies first. 

Example 6 . If A is either to be the first or last to die : then 

£ . 

is the chance on his death equal to — fluent of — 




J±x 


. 1 


J 
L 


ss: — fluent of x 


h b+x 


_c+* a Hence, &c. 


Example 7. To find the contingency bn the first of the two 
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death A and 8? provided that that be the first or last which 
dies of the three A, B, C. Here I first take K" = -£■■■- and 

K'"s= ; and then take K"= and ; and 


I find the contingency a 

L_.„ „\ L 

fluent of - 


C — )— ” 


fluent 


of(. 


^4r:S,e 


correction- 




x: a,b,c 


+ fluent of 






■x/ L x:a,fc V_ 

rKJ 

Note, the word correction might 


have been omitted by considering it implicitly contained in 
the word fluent. Hence the assurance on the first of the 
deaths of A and B, provided it be the first to fail of the three 
A, B, C, is equal to the absolute assurance on the three joint 
lives, less the assurance on C’s life, provided he dies first : 
the same as Mr. Baily makes it in a note at page 240 ; by 
comparing the result of his solution with a former solution ; 
but I should observe there is a typographical error in the note, 
by inserting + ABC instead of — ABC. 

Example 8. If the first of the deaths of A and B, is to be 

L 

the second of the three; in this case taking first K"= 1 


b+x 


9 




1 1 - 


u c+a ? 


-~i an d K'"== -v— , and then K"= 1 ■ 

l a L a 


L c+* 
"I — 


«+* 


f 1 ffcf.-ftf andK": 




, we get the contingency 


fluent of 


L 

\ 




J-J? 


t;-) + 


b -f- JB 

b 



• 0 $ Mr. Gompertz's matyte typMcabk to the 


f~e+x , 


i 

“T 


eon 

* 1 

. % 4 - x ' ^c+x 

L T 


correction 


Hr: <r, 5 

" E I 7 - 


fluent 


*L 


'x:b,C 


a a+M 


sL 


L K L c 


u #.* 


jt : <i, c 


u 5 +x 

TT 


^ ; and the assurance on the contingency may evidently 


bear the form in which Mr. Baily has put it. 

Example g. On the death of the last survivor of A, B and 
C ; provided that should be either A or B : this contingency 
in a similar manner from the proper interpretations of K" and 

K' M , is found immediately = — fluent off i . a—* x- 

C 


u a+* 


fl 




c±x 


<- fluent of l - ^ 

b / c 


*(>— ET-- Tf)=fl-™°f> 


u e+ 4 f 






4- fluent 


ofij±I (i — . j Hence the assurance on 

this contingency, will be equal to the assurance on the longest 
of the three lives ; — the assurance of C's life, provided that 
he be the last which fails. See Example 3. This in fact is 
almost evident at first sight. 

Example 10. Chi the death of the first of the two A and B, 
provided it be the first or second which fails. This, as Mr. 
Morgan, &c. observe, is on the extinction of the joint lives 
A and B only, &c. 
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Article 7. I shall how offer in the same order as in Mr. 
Baily's work, some other questions of Mr. Morgan's papers, 
which are most of them of a nature in point of solution diffe- 
rent; in as much as that they contain in my method double 
fluents ; or, as we have reduced them, contain fluents multi- 
plied by variable quantities. , 

Example 1. The contingency of the first of the deaths of A 
and B, which shall be the second or third which happens of the 

three A, B and C, will be — fluent of ( 1 — ^ 

• • « 

+ fluent of fluent of + ® uent ~T~~ 

\ 6 c & / < 

L h 

. fluent of Since the first part is by Article 5, No. 

a, of this Section ; the contingency of the joint lives A and B 
failing after C, and the second by No. 5, denotes the chance 
of B’s dying after the event has taken place of A’s dying in 
the life time of C : and the third denotes the chance of A’s 
dying after the event has taken place of B dying in the life 
time of A; and independent of the correction, the first part is 

evidently s= + fluent of ^ ; the' 


second part is 


fluent of 

h • 


■ fluent of 


kj c, b * Lq+s 


and the third part is equal to fluent of 


L e+* 


— fluent of L ?„ : . <,c ‘ Lh * ; and the sum of the three or the 
contingency in question is independent of the correction 



•68 MvGompertz’s analysis aftikgbU to tht 

4 a+$ 


■ ',h;*.i±h+t r l ’ 

s* T-jp 


+ ^±f fluen t of 

I* , £ < - ■- ' ' 

> ft* and here it is evident, that when the lives are all 

VS r V 1 ■■ ' 

L ^ 1 u 

equal, the contingency will become constant — -j— - + if* 
X constant + ( -£^\; or if all the fluents commence with 

xss 6 it is i — ® other 

cases, if we are to have all the contingencies commence with 
0 =o, and we are satisfied with the approximation that when 
two persons are dead, it is an equal chance which has died 
first, see note, Art. s, Section 4, we shall have 

n . , L *+* **■«+* , L J+* , , L *:«.s , 

fluent of -p- .-r-=“aT — r 3-7 it~t? 1 ; 

L c \ H L a,i %« \i, 


a+x 


fluent of 


L c+ * <l i+*. 
h L 4 


_x L *+* 


* L. 


I 1 


: a, b 


*:«» c 


a L 


V 

Li 


3 L 


*>6 

L_ 


+1 


and therefote the whole becomes =— § -£— * *— £ 

b 


•“£-r a l . T 


j * : 4, t 
L i,c * L u,c L a.4,f 


• 1, and the part of the 

contingency due to the interval between the times v and * +P 

• L 4+«" L 4+.r-t-r 1 L «+«-W- jj , l ^-l,c~ l ,+pib,c , 

18 iEj r \ T *\ c T 


Hence the assur- 

tl - ' L <r.i,e 




ance of one pound on the contingency, in case the event should 
happen between the times n—p and m ; to be paid at the first 
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of *he’ equatperiods p, from n—p, after the event, provided 


“'T '>■ k 

it 1 t»e not beyond the time m is £ 



* tp - r 

Vj 

4* £ * |«. * — * [a, b, c ; that is half the sum of the assurances 

for the term 00 B's life, on A’s life, on BC's joint life, and 
on AC’s joint life ; — the assurance on A, B, C's joint life for 
the term : on the supposition that if two persons are both to 
be dqad, in a certain time less than their possible time of joint 
existehce, it is an equal chance which is the survivor; our 
theorem therefore only goes to that term ; after this, by con- 
sulting the formula, constant H — J~ ■ A uent -j~- 

• “Tr“ + ~ T~~ fluent of ■ -r * -; we find that if C be the 

L t L a h c L b 


one which must of necessity die before the extreme age Of B 
or A ; and if there is a possibility of his living as long as x is 
less than u; we shall have L , = 0: and the fluents of 


-r^-* • ~r~~ and - y + - . — after that time equal —g and — h 
if — g and — h be the values at that time ; after that time, the 

contingency, is constant — g . — A . — if 

the whole assurance be required, find the whole value whilst 

r r t 

m is not greater than p, to which add 7 jM_ -f-g 7j*_+ ^ 7 ^ 

But if A be the oldest, and there is a possibility of his living as 
long as x is less than p,but not longer; use the theorem as long 
mdcccxx. N n 



*yo Mr. Gompsrtz’s analystsajtpUcableto the 

its m is less than /*; if the whole. assurance be r*|tq(Wdt'aftd 

■ x -+ 

observing that when jf is equal to, or greater than p, that .-|X- 

L , L. , 1 • ' ' t , ■i'jr 

• fluent of ^ * . "TT^ is s=s o ; and that fluent of"- r * r , » r^ 

« b K • * -A) * 

will be=s — g; if — g is its value when *=»#, we shall fend 
the contingency after that term, that is when x is greater 



constant —g 



and ... the remainder of the 


assurance will bes=g . 71* to be added. I do not stale the 

fn >«— » 

case of B's being the oldest, because it is only necessary to 
write a for b in the last case to have this. 

If we should not he satisfied with the approximation de- 
duced, by assuming the equality of chance above named, 
during a long period, we have only to divide the period in 
shorter periods to attain any accuracy, being careful pro- 
perly to correct the fluents. . •< 

The theorem I have just given for a solution to the pro- 
blem in question, is so much more simple than the dotations 
I have seen to this problem, that I think it proper to inform 
the reader, that the cause will be understood from Art. 6, 
Section g ; and that no fear may be left in using the Theo- 
rem, I shall point out the connection between this solution and 
that given by Mr. Baily, and I shall for the easier comparison 
denote L,, L y L c , by a, b, c ; L fl+J( , L b+n , L c+n by a', 6/ tf\ 

and L„ +(l+l , L 4+B+I , L e+(f+ , by and as the con- 

tingency, that the event takes place before the expiration of 
«+i, years will be found by writing n for x in the formula. 



' K $ 


fluent of-^— £2 + ±$22 x 

fluent °f-|*—. j,* + *. we find this value under the idea of 
GWMtant decrements for the whoie term to be t — ££ 4. y 

<( ~* S- + 

«nd under the same hypothesis of the constant decre- 
ment-, during the whole time n+i, we have the corre- 
sponding contingency 1 4 . S iiHf? « i" , a" v>^ 

.ft* , , T * “J7“* X 

— * tj- ; and the excess of this above the contingency for the 

term».is*f^.i-i.*lr*l » *'*'—*“ e* , ^Wc" j'jv— *"*"«« • 

♦ 1 . ' : ' , * T **« + ~I»1 S ' ." * 


* 

Jr 


L 

Oi 


die same except in notation as before, as it should be; the 
difference of the operation only being in the notation. But if 
we only consider the uniform decrements to reach to the 
period n, and then during the next year take proportional 
decreitfenti during the year, we shall have the fluent of 

**«+# * v 

-r-TT; answering to x= n -f- 1 , =-* ft + * 

< ijV^ ./i" , e v * 44 ** 

r 5 * c "" ^ «• T, ,'SU* ® ee Ait. 6, Section 3 ; consequently 
the value of -jj— . fluent of ~~l*, L * + * answering to xasn-f-i 

| 

* L * 

tl« corresponding value of -£±£ fluent . ^£±2 will be 
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and die' corresponding value of ]'*' * 

- , , i , 

have the contingency on this hypothesis due to 1*4.1 ytaik 

, a' i"£“ 

"r 7TT 


e' a" 



Hence we 


24 6 € 


*e 

£~rr + ^jrfi and if we take frpi» .this 
the chance of the events happening in n year, the remainder 
will be the chance of its happening during the interval* be- 
tween » and n- J-i years; and will come out evidently J 

I S'— b (t , 4^Hh b* | — 24 ' y 4 a' * — a& t -~a"6+ za”b H c? 

T 2^ • zab ■ ' i 2a b * T 

- . y. And if we consider Mr. Baily's o', V, d:, 

a", b", d' to refer to the n lh and n+a rt year, and collect his 

ist, sd, 3d, 5th, 6th, 8th, £th., and ipth‘ contingencies, we 

a" /i+i / 1 J •• ** 

c 


S—i’—l" 

e»t"\ 

■ if “ 

” Wei 


shall find them amount to (^- +- 
collecting thfe remaining terms whieh are 4th, 7th, ioth,iith, 
and 13th, we obtain ^ («-£+ *=%£ . £- ££) 

. ; and if these two be added together we shall obtain 

the above expression. 1 ’ 

Example *. On the contingency of the first of the deaths 
of A and B, which shall be the first or last of the three A, B, 
C. This will evidently be the siim of the contingencies,^ 
the joint lives discontinuing in C's life time ; that A dies after 
B, C having died before B j end thaft Btlies after A, C having 
died before A ; therefore by Art 5 of this Section it is s* — 

fluent of + fluent of ^-jj^fluentof 
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*73 


*0 4 floentof fluent of ( i 

all the fluents to commence with x=so, the second 
term is = fluent of^-i±f x ^ »fl uentof Vf| 

and the third term is = fluent of x i —fluent 

of -i+f . and therefore the sum of the two = fluent 

° f (tJ 2 ■ ~Tt) - fluent of fluent of ij±5 . 


tf +2 

r~ 

a 


4 fluent of -±tf fluent of ^+1 Lb + *\ , , 

L L , * i-i ; + 1 — 

+ 1 Tf 5 and ^ whole by comparison with the com- 
mencement of the last example ; if the fluents are to be cor- 
rected in a similar manner to vanish with x=o shows imme- 

da " ly th * ,, -TT+'--^- .ha. value js equal to 

■hia; and therefore tha, the assurance of the contingency 
Jrae, la the excess of the sum of the assurances on AS life 
end on B\, life singly, above that : thin agrees with the inge- 
nwoa Mr. Matte's observations on page s 3 i of his work on 
Assurances ; and therefore, according to our solutiop of that 
case, we have during the possible joint existence the value 



Mr. GoMPBRTJf's analysit <$pMcableM4kf , 

beyond that term the; process as in the last example. I$ds$» 
according to 'the hypothesis of equality of chaftoe, uo.ofcfen 
mentioned aiidused by Mr. Morgan, &c. , 

Example 3. On the contingency of A's dying after C in 
the life time of A. This should come in the last article asit 
does hot involve the double fluent* but is given here not to 
interrupt the order in which I have taken my examples: the 

> "k 

solution is — fluent of -- ffi * 1 — ~~P~ ' * n d is the 

L m L a h 

chance of A's dying in the life time of B,— the chance of A's 
dying Sn the life time of both A and B. Hence the assurances 
is determined from those cases, as Mr. Baily has done page 

• 73 - 

Example 4. On the contingency of A’s dying last ; on the 
condition that C dies before B. This will evidently be fluent 

of " ' "ffi* (fluent of (t — if all the contingen- 

cies are supposed to commence with xsso, and the fluents be 




T7 


-r 77 

• 1 

• fluent of - [ + * . =» > — + of 


L «+# h+* 


— + * fluent ofi±l. l,+ - 

’if 


fluent of -r&l 


JLr I j 

* J anc * the manner of obtaining each of these Audits baa 
been already delivered ; and thence may the assurances be do- 




termined. If we originally in the expression fluent of s • 


’T“ 





which we will suppose to commence with x f write 


its approximate value 


x)(l. 



L *+x\ 

TTj 


, a 

% 


» we get the contingency 



1 ) + f fluent j^— + i fluent of 


| fluent of 


* L l-fx 


«+x 


L c L i L a 


an approxi- 
mation during the term of joint existence of B and C; and 
hence the method of finding the assurance for that term ; for 
each part is evident from what has been shown ; and how to 
proceed beyond that term, will be evident by considering the 
accurate fluent. But this last method throws the approxima- 
tion on the whole value. 

Example 5. On the death of A, provided he be the first or 
second of the three A, B,C; and provided C in the latter 


L i+x 


of ( Lb +* 


case dies before B. This contingency is = — fluent of 

- fluent 

~TpJ : *”d the assurance is the same as the as- 

surance of A s death, on condition that he dies before B j as 
Messrs. Morgan, &c. makes it. This does not contain the 
double fluent or the variable quantity multiplied by a fluent, 
and therefore may be considered out of its place. 

Example 6. On the death of A, provided he be the sd or 
3 rd that fails of the three A, B, C ; and provided C dies be- 
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/t... r L 




fore B } this fe = — fluent of x |(i - — 

D ' " ' ‘ 


- fluent of i « 


L c+x H+x 1 


K+* 


)) 


fluent of 

L a H L c 


fluent of^-^ (fluent of 
fluent of 




r~-: * "ir — * and each part has been already treated on. 

*'«, i *% 

Example 7. On the death of A, provided he be the first or 
last which fails of the three lives A, B, C; and provided C in 
the latter case dies before B. This is evidently = — fluent 

° f (-^T { -^1“ — fluent ( r — j) = — fluent of 


r+T 




|*=i 


«+* 


<<t£ s • Tr)+ fl “ e "' "(t ■ nf ) 

. fluent of -4^- "l~ + fluent of - 4 ~~ . and each 

c b a, c 0 

part has been already considered* 

Example 8. On the death of the longest of the two lives 
A and B, provided they be the first which fail of the three 

A, B and C ; this is evidently fluent of j 1 

. 1 — — A uent °f ~~ C " * • ~ "i + ~ -—fluent of 

• ~~rf + fluent of 


«+* 


Q-j-x \ t"hx . j, 1 

l — • "Ej~" ) T — > and the assurance 
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k %- swnof the assurances on A if he survive* C, and on B 
if he survives C— the assurance on C if he survives A or B, 
Thi* agrees with Mr. Baily's deduction. Note ; for fluent of 

9 ml A 


/ Vf«* L i+,\ L t+J , L L _ T. 

■) ITT we may write fluent of 

• “Ip* whence &c., and this not containing the fluent multi- 
plied by a variable, may be considered out of its place. 

Example §. On the longest of the two lives A and B, pro- 
vided they be the last that fail of the three A, B, C. This is 

«ue*rf/i^g uentof(l _j£M + of 

1 “IT * ~ flueBt of {~i~ (~rr~ 1 — fl °ent of 

-Tr-Tr) + ir(-v- of- TT--cf)} 

= correction - + !p< _ fluent of /^+£ 

• fluent o f " C+ L \ +X ) — fluent of (^~±i fl uent n f L,r + J ~ L «+A 

«•* X L , . *•„ ) 


= correction — 


ft'f f i ^a+x a 

L h + TT7 r~ fluent of 

0 a, 6 ^ 




( ' -tf-if J - TT ( flueM of x-%) + «-* °f 
J 3nd We IRay write for fl uent of 

its equal ~x ~ - fluent of ( . i*±£. j and each partj as 
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well as the assurance on each, has been already considered. 
But if we use immediately for the approximation of the fluents 

when those con- 


of 1 — -r^- • -r^ and of 1 


e+* 

T~ 


V ^ w 

tingencies are meant to commence when x=so, and not to last 
longer than the possible joint continuance of life, the approxi- 
mations so often named, which are respectively — -j- + -i- L 6+s 

+ i 4+* ~ £ 4:5, e and — i + i 4+* + £ L e+X — f 4:«,« 

our formula, independent of the above reduction, will become 


fluent of 


{■ 


ir + 


T a L 1 I, ‘ 




zL 


L , L, 
a x 

“L 


*b+x 1 ktf+a p , j 

i — iL rrr t » l. 




aL 


b 


Mi 


u /> 


L A+ Jf 


* L 


Ljr "V . . 

~ V =ss correction — % — — 

* J a 


.X 

3 


S, c 


1 J«*C 

“ » L 

a,c 


ZL. 


+ i 


S r.a t b g . 

T 77 + * 

a,b 


fluent of ( -?;~ir) +tfl«mof(- 5 ±i. -£±i) - ifluent 
of Lj+c f L * :a, -- \ But this last method throws the approxi- 

V h «> 1 ) 

mation on the whole term. 

I may observe that the first method will resolve itself into 

' fir) ) 


correction £ — — 


«+* _ L i±£_ + fluent 0 f ' L - 


— contingency of Example 1 Art. 7 of this Section, and the as- 
surance will in consequence be the assurances on the single 
lives A and B together the assurance of that Example ; — 
the assurance on the three joint lives A, B, C ; the assurance 
of C *s life provided it fails before A and B« v The last two 
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expressions of, this formula are derived from the resolution of 

’ L A 4 - / L 

fluent of 


into fl^nt of L * : ‘* 6 


^a» b , c 


u a,b 




Example 10. On the death of the longest of the lives A 
and B ; provided they be the first and last of the three A B 

L - * “ L ft+* *v+*\ , 

-rr"—)+ 

u 


and C. This is fluent of j — fluent of ’(1 


C+X 


T~~ fluent of ( 1 - = fluent of 

— 1 — fluent of —j~ • “T7“^ + fluent of — 1 

L 


fluent of ■ 




J = correction ■ 


a+x 


Lx T* 




fluent 


fluent of ^ -{- fluent of - 4 — . 

la la 1 -L* „ Ltr J-» 

c a cb a 

of — £** • fluent of — £ +J . — s fluent of 

c b a c 
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Example 11. On the death of the longest of the lives A 
and B ; provided B dies before C. This is fluent of J7— 
/ L 

^fluent of-£ 


L -+* K+b 


fluent of- 


a+x 


fluent of 


/ L <r+x L l+x \ 

l L C • L i r 




<-^f) 


fluent of 


x : a, c 
a,c 


L 


g-f j 
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^A. t.,, tl 


'I*. 


— fluent of -j~— . fluent of ss? — j ffif 

. fluent of 

Note. This result may be obtained in rather a more simple 
manner ; for the Chance depends on the two events ; namely, 
that A shall be dead, and that B dies whilst C is living ; the 


■ fluent of 


l c h 


former is i 


-j—', and the latter is — fluent of - . -y-i 

and the rectangle of the two gives the expression above. 
Example is. On the death of A and B, provided another 


life C, dies before B. This is fluent fluent of (1 

: ) 

' ) 




if±l\ -fluent., 


1 


"c±* 


(* 


L c+* L b+x' 


— fluent of - y ** . i 

L b 


fluent of (l — 
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C 

~T£~ 


-j ~ fluent of 


l *-M 


a+* H* 

L - - 1 


^ _ h±l fluent of • 


. i L «+* 

fluent 


"b +* 


If the contingencies begin with x. 


There are some observations to be made on the manner 
we have corrected the fluents ; and also on the manner of 
calculating without the usual tables, for which consult the 
Scholium. 



estimation of the vatne of life contingencies. • 


381 


Scholium. 


As the Tables calculated for the valuation of annuities or 
yearly incomes may be serviceable for the valuation of in- 
comes payable at less periods, it will be proper to show how 
the value of such incomes depend on each other ; and also to 
show how to compare the value of assurances on lives, when 
the sum assured is to be received at some one of a number of 
periods which is to happen after the death, reckoning from a 
fixed period, with the value of the assurance, if the sum is to 
be received at a given distant time from the death ; for in- 
stance, what is commonly called the assurance of £1. on a 
life, is the value of one pound to be received at the first anni- 
versary from the payment of the premium, which shall hap- 
pen after the death ; but it is not the value of one pound to 
be received at the death ; and it is, as will appear farther on, 
very nearly the value of one pound to be received a half 
year after the death shall happen. 


Art. 1 . Problem. Given » 


r 

«, b, c, 4c. to find « Ja, b, c. Sec. x x nearly, 


j- being a whole number, and p a small period ? 

r 

Solution. We shall have « 


\a, b t c, See . =s ic a, b, c, Sec. 4 - 

n + p~q~ 


f 

*+p 


r 

r 

q 

1 it. bt Ct Sec. *J* n-f-2 p 

q 

b, Ct Sec. 

r *+ip—t 



a 9 b , c t See . 


r" Sec. 

a, be c, Sec. 


But considering that during the whole of 



e$* Mr. Gompertz's analysis applicable to the , ’ 

any small interval p, that the living corresponding to time 
which are in arithmetical progression, are in geometrical 


progression. (See Section 3, Art. a). 


*+P—i 


|«, b, c, «re. 


Will 


be - ■ w : a ' b ’ c ’ — x 


. *+>:«, 4, c, &c. 

\mmmfP . 


9 : a, b, c, Sec. 


■ ; but by the hy- 


T ^ A . T 

a, b, c> Ac . , r+ g : a, b, c, See. 

1 — "T~ 

w:a,b, c, See. 

1 — ; consequently, if 


, L «r+f : *> b> C. &c. 

pothesis 


^ w \a,b,c 


9 : tf, ^ c, Ac. 


w e put . 7 +p : = 1 — £, we shall have » 

• : d, b, C, Sec . »4-/> — $1 

T • 

» v:a,b,c,&c. 

= r . v ~ x ■ 

» : «, A, c, Ac. 


M,C,Ac. 


1 — k 


1— (1— A) 


— . Here £ is generally very 


small ; and if in the developement of 1 — W , we are satisfied 
with retaining only the first and second powers of k, we shall 


q 

have *■ U, s 


* 9: a, b, c, Ac. 

e, Ac. = T . 


A, c, Ac. 


Sr-±-£=t.h 

p p 1 p 


P_ 

9 


9 L 


.r . 


V : fr, c, Ac. 

L «, A, c, Sec. 


x (a — ^ - k ) nearly; 


p 9 9 : a, i, c, Ac. 

T r * L - 


L a, b, c. Sec* 


v Ittl 4_ £z£ i — M — t±l r" L<r:a ’ f,c ’ &c ~ 4 . £=£ r’ r+/l 

(l? 1 ^ ’ 1 *' ~~ -1 r * + **' r * 

. Hence, if we interpret ir successively by «, 

n+/>, « + «/>, &c. ra — p, we shall get as an approximation 


from the above value of * 


a,b,c,Scc. f n 


\a,b,c,6ec. • 4- = [tti 

p \ ip 



. *, &c - +t=I w r ”+t L lit±b^L \ i_ Itti r n * p T 

' l a,he, Ac. 2 > ' L a,i,c,kc. / + U * ^ e,*e. 

I L »+»>:-».>,c.&cA I p+jm—p L m-^-.a,b,c,lc z. 

lf «,b,e,$tc. ) ' *P ’ \b,c,lK. 

J.fa-, r w .-”L t!±h*Z\ 4 .L Sl±h£±:-.P+t »W,4 c. 

a,b,c,tK. ) 1 L a,b,c,& c. ' 3 ‘ 6 " L a , &, c, & c . 

L «,4,e,&c. X ^ • k«+/> Ac. +r’ <+ * . l^n+ip-.a,l,c,Scc. 


+ J n T \ m ^ — y 

r * "m : a>&, c, See) r • zp • 


„ w ^ — y L m:fl t 3 J c,&c. 

c* See* 


= L * : *> b '*> &c - rm ' P ~ 9 ' L m:a, l t c f Scc. 

4 , c, &C. 


«+> k c, &c.j or 


2 ^ L ajJc,SeT ^ n ‘ ^ w:tf ^» c » &c * 4 “ rW Lw ; ^^ Cj&c .)+ # 

’ * ’ * gfl "" ■ ■ 

As a particular example, if we take n=o, m infinite, ^ = i 

r r 

9 = i» we ^ ave T\ a > h > c - • 1 = = i "f nearly, and there- 

fore T|«.J,c,&c. . f = nearly i - 1 ^±1 + 7U £ ,*c . ; 

* I 1 — 

(or because ^ ~ differs but little from unity) nearly 

r 

equal to $-f- Tj«,i,c,&c. : that is an income of half a pound 

payable half yearly, on the joint lives of the ages a,b,c, & c. 
is nearly equal to £ of a pound *f the life annuity of one 

pound on the same lives. If q = $ we have fj a ,j, c ,* c . -i=| 

r r l 

+ Tki, f , &c. nearly; and &Ct . j.={~ j. r I. - i i ±i :£ t . &c - 

1 1 — il 8 4 C. 
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+ 7jt, i, c, *c. as $*f’ ^|»< *. *> to> > and similarly is 

.9=^+ Tj*,i.«, 4c. nearly; that a * momentary income, 

which in a year certain without interest would amount tQ one 
pound, will, if it is to be received on the joint lives a, b,e, &c. 
reckoning interest, be worth | + the life annuity of one 
pound payable on the joint lives a, b, c, &c. 




Art a. Moreover, because (Art. 3, Section 1) ni 


b . 

f 

w 

_ 1 

= «-? 


\atbtC,kc. — » 


a, bat he. 


r 

w+f 1 

~~ J * L 7 , nathctto. — r ; * 

a, b, c, he. m »— « — i <t, b, c, he. 

r 

q 

— (1 ~r*)x « a, fc, C| icc. j it is therefore from above = 

-<7 : a> g> r L m+? ; a> b, c, hc. /^_ r 4\P_ j r 

l (t,b,c>b tc. bathe. 


r 

•f n+/L i,t, &c. 


If p=si, q=o, n=o, m infinite, since 1 —r< 

will be equal to q hyp. log. of -i we shall have 7|»<,t,*c. as 

— 

nearly l-j- hyp. log. of i- hyp. log. of 1 x T jq t .&c. ; and 

if for — hyp, log. of ~ or its equal hyp. log. of 1— (1— r) we 
write— (1 r)— i~l‘— &c, the expression will 



* 8 $ 


evidently, since r is near unity, be nearly equal to 1 - 


t—r 


(i — o • 1 + (¥T t±2±: mnearly r *— Thiift 

r r r 

but i |c, j,e,&c. sss r— (l r) i ja.J, c, &c. S .*. • o ja, i, e, &c. -s 

r ' 

x TU t, c, &c. nearly ; that is the value of one pound to be re- 
i LI . 

ceived at the discontinuance of the joint lives of the ages 
a, b, c, See. is equal nearly to -y x the value of one pound to be 

r* 

received at the first anniversary from the present time, which 
shall happen after the discontinuance of the same lives. Also 

** I 

T ja, b,c, &c . . ' or which is the same thing, the value of one 
pound to be received a half year after the discontinuance of the 

r 

joint lives is nearly = 4c. > or the value of one pound 

to be received at the first anniversary from the present time, 
which shall happen after the discontinuance of the joint lives; 

and y | fl> fc, c , 4 c . • r is nearly = T^.b.c.&c . • r*; that is the value 

of one pound to be received one year after the discontinuance 
of the joint lives of the ages a, b, c, flee, is nearly equal to ri x 
the value of the same contingency on one pound to be re- 
ceived at the first anniversary which shall happen after the 
discontinuance of the joint lives. 

Art. g. Again with respect to the calculation of the value 


of the expresion 


• S-i t| 
ion . 1 1*. 


*-™f * 


PP 


~a-~q t 


from the 


MPCCCXX. 
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value of the expression ^ j> *X ‘ "^ - ■] *» *—# » *nd 

the like ; see Art. 3. Section 4. I observe if - 2 - be a whole 

r 

number, and^> small, from Art. 1 of this Scholium, that ^>jf. a 

r 

= _£=L. + «L a • f 5 therefore ij=? 

*f t^Ta nt C— _ 1 6 

r r 

• S±2- -v 1 • Iks “ - =& • < r * • + 

I*-*-* 


* 

• Lib : 4, : <1 — b *• * 


<1— 


I, a . * ? • ^ But Lfc ; fr 1% ; 


L * * 


:h a— f ; 


3=1 i— 

* ' f 

1 *+* x (L»+* + ^ (L«+f — p — L»+*)) -**■ l*+i *(!*+« + 
■j- (l^+a—p — !*+«)) nearly under the hypothesis of q and p 
bang small intervals ; and this by an evident reduction is sim- 
ply.-*- — and in ^ same way it is 

shown that L„ • ■“ : t , * —p (k<* • b~~p ■** 1% : a, a—p) 

h l *-, 7 l *~. 

nearly. Moreover » ]«, 1—1 . — — — » «-f.* • x* 3 ** 

|H [iMMM I #11 r ' [n '"' ll, ' :rn f 

fl—f ^n+pi*>b^~^u+p\A~~y,k j, ^ 

' * XT 1 • ^ * Lt r * * 


from above. 


r *-«♦ 
nearly | |r». — 


<>&— f ***:*» 



- *•«.* 



r 

Hence we get . * j,, 


i, a-i ss nearly — tot * — L " : * *-P~ Lft ‘ b ’ *-!>) * <L *» ■ a > *-±2 h*i iifrt) 


+ ^T~ 


6, a ~p , when —■ is a whole 


number. 4ft< 

Article 4 , It is proper to observe, that what refers to the 
fluents of the expressions L f +Jr x L r+J? , L p + X x L i+JC x L r ^,» 
&c. of Section 3 , equally apply whether L in the different ex- 
pressions L f+a , L" +JC , &c. is, mutatis mutandis , the same, or a 
different functional characteristic, whether when they refer to 
life contingencies, if L in the one part refers to one given con- 
stitution, and in the other part it refers to another constitu- 
tion or not ; for instance, if in the expression L ?+x x L r+Jr , 
L *+* refers to the Northampton lives, and K+x to the Swe- 
dish lives, or whether they both refer to rhe same lives, &c. 
Whether they refer to the number of living at the ages q-frx 
and r+*> or whether they refer with respect to the variable 
time x to expressions compounded of the number of living 
and dead. But instead of resuming the characteristic L here, 
I shall, with a view to better distinction, consider the value 



M, And I observe, similarly to what is done in Sec* 



*88 Mr. Gompkrtz's anafysisapplidabk** the * 

tion g, that if x be put and that if when tpe not 

greater than p, M w+< be equal to M f ~ tM',, and N, 4.1 m 

S 

N r — *N' W sufficiently near, that we shall have * M, 

JL ' L 

*) M #+< x il r+<s »I]M. — M'.«x ( — N'i) = — />N' W M; 

t\ >1 

+ £ . M'.N'„= — />N'» x M.-4 = . M r+i 

* ^ 
ass'< — (N, — N, + ^ ) M, + ^. And therefore if M, represent 

the chance that a certain circumstancffiRiall exist at the time x, 
and N, the chance that some other certain object shall exist at 
the time x; then the chance that the second circumstance shall 
fail during the existence of the first between the time n — p 

V 

and m is sufficiently nearly s (N. — N m +p x M* + ^). 

m—p 

And the present value of one pound to be received at the 
first of the periods n, n-\-p, n+ip, & e. from the present time, 
which shall happen after such failure, provided it shall take 
place between the time n — /> and m, will be according to 

9 

hypothesis with sufficient proximity = J!^| (f^+^xN. — N » + p 



M And this mode of investigation will afford different 


Z 

modes of solution to all the Examples of Section 4. For 
instance : if this be applied to Example 8, Art. 7, Section 4, by 



taking N* s» (1 •— . (l — -j ~) and M,*^the 

assurance of one pound on the contingency of that »yampl«» 
will become JT| (r' +, .(i (, _ i£±;Y fidjiit) 


m-pl 

L. 


T~“) • 

| | |L 

^ income of one pound payable at every p in- 

terval, the first in the time n— p, and the last in the time m — p 
on the life of the age c'+±p, after the death of the two pef- 

sons of the ages a and b, - x the income of one pound 

payable at every p interval, the first in the time n, and the last 
in the time m < n the life of the age c — ip, after the death of the 
ages a and b, 4 Hecause the first term of these two c x pres— 

‘‘ sionsisr'. La +«+iA 

C ml ?| « L b ‘ L c+ip ) 

" = -tl ■ 1 - nc~ • ■%*) and the 

W— /» j * * / 


L ' * 

second term of the expression is = — tl£. x 7 


. l 


L b+* L c+* — \p\ 


(r* i *+* 


z=v)=~r 

Z} 


(r ,+ >. , 


*+”+p 


. 1 - 


t+*+p 


• Q r we may develope the expression in the form 




not very long, especially when there are many lives concerned, 
it will be often preferable to calculate with the usual tables 


by calculating each term of the expression N* — 

m —?l 

. M„ + £, when put into the form N„. 

* * 

• M*4£+'&c« And I think when many lives are concerned, 

2 

< this wall generally be the beat way, if even the term should 
he long; but for the sake of preventing great error in such 
cases, or for near approximation, the following hint may be 

serviceable. Suppose we wished to calculate the value of 

* 

IjtA,, that is the sum of the first 80 terms of the series whose 

» » w m 

term is A*; then since: j] A* =* J A* + jH A„-f J A* 

8o l 73 74* 7 $ 

m v 

+ *]A»....&e."||A», that is the sum of eight terms of a 


estknatmtfstimvaim of Itft emtu^mcm. a&i 

new series, whereof the first term is equal to the ist •+■ flth -J- 
17th 8 tjp. tefth of the original series ; the second teiMt equal 
to and 4* toth ■+• & c - term of the original series, &c. it will 
follow if our original series be a gradually, bet a very sloWly 
. . • A ; , . 

converging series, such that -—differs very little from unity; 

\+i ■ . ' 

since etch term of the new series will be nearly equal to each 
other ; that if thisr method be used, we shall have a means of 
detecting any great error, as it would be evinced by a too great 
difference produced in different terms. And if an approxi- 
mation to the value be sufficient, we niay avoid great labour 


by taking 8 x A„ or 8 x * 

7«1 


S 

77 


A w for the value of the sum; 


and if r does not differ much from unity j A, r w will be nearly 

8 « 


= 8 . — x ^ 
1— r * 5 

77\ 


r 9 ~~* A w or to 8 


~r. IW 
A 


K. 


Art, 5. It may also be serviceable to observe, that if M r , 
M^., do not contain x or y, that 


X 
0 

m y' * 
y 


M m M x ) by 


putting ® 

y 


M' M sss N will become • 
xx y * 

X 


m;n ? 


KK- 


— i 


M N aHPN,- M", N;, - 1 | M » M f m 


A j y 


y 


m -m;,* 


M'M - 
y y 


"®] M" M' M ; 
»1 y y y 


y y y 
because 


H 



s 9* Mr. Gompertz’s analysis applicable to the 


when M w , do not contain either xory,"^ M* # M a as •Im' 

1 '' . ■■ '■ >.« >| ■... 

and therefore N =s M' M . This form is put down for the 

purpose of reducing double fluents at once, such as occur in 
Section 4. In a similar manner may the immediate reduction 
of analogous triple fluents be shown; and I may remark, that 
in the double fluents of Section 4, the case of the question 
may not always require them both to commence with the 


same value of x . 


The application of the symbol 


to all 


cases of definite and indefinite fluents, and of simple, double 
&c. fluents, might be entered on perhaps with advantage to 
other branches of the mathematics; but this is not my pre- 
sent object. 

Art. 6 . If in the room of M # of Art. 4, of this Scholium, we 
put r* M a , M a still being put to represent the chance that the 


said certain circumstance shall exist in the time x, we shall 
have the present value of one pound to be received immedi- 
ately on the failure of the second circumstance, provided it 
takes place during the existence of the first circumstance, and 
between the times n — p and m, merely by making that sub- 


stitution in the expression * 


n—p 


(K 




) «»y 


which means it will become — N r+ yr* + ^ x 

m-p 


or its equal . Q; Q being put for the value of the con- 
tingency as in Article 4 of this Scholium; namely, when the 
payment is to be made at the first of the equal periods 



itc-. from .the present time after the failure, provided it takes 


place between the intervals n -/ and m. And ~71 

i '' M -V ¥ ; ■ * I \ , 9+P 

O *•— |l 4 

; r+ ^ • M *+i>) or its » equal ”• . r\ 

is the value if it is to be paid immediately after the failure, 
provided it takes place between the intervals » and m. It is 


necessary to add, that the method pointed out in Art, 4 of this 
Scholium, for solving the problems of Section 4, will gene- 
rally produce results which do not agree to absolute mathe- 
matical equality, with the results of that Section, except the 
interval/ be infinitely small ; but they will agree with each 
other as far as the first power of p is concerned ; which when 
p is taken, the smallest interval of the tables will be as near 
the truth as any method should be considered to reach, as 
long as the real function of life is not known ; except indeed 
there be sufficient regularity in the tables to induce the belief 
that we may approach nearer by interpolation, as hinted in 


Art. 4, Section 3 ; but if the interval p be not greater than 
one year, this will give, I think, sufficient accuracy for any 
useful purpose, except perhaps in very rare cases, and in 
which our tables (from more minute observation), should, I 
imagine, be divided into less periods than yearly interval, and 
then the same method would still apply by taking p smaller. 
The same observation will apply if a comparison is made with 
what is done in the present Article 6 of this Scholium, with the 
other articles of the Scholium ; for instance, with Article 3. ' 
As an annuity secured by land, only differs from common 


annuities, m as much as in case of death of the lives on which 
the annuity is determined, during the portion of a vear 
mdcccxx. Q q 



st£4 Afr. GoMPERTr's analysis, &c. 

that that portion of the annuity is payable to the assignee* 

i r 

of those persons ; its value will he wpaal to |L *fi* 


r' + *. f . x " <bUt if L 


#•— I j O, 
tw^lf t| 




V+f i ** c # Sec* 


considered sufficiently approximated by the expression 

- L » ! &(:.*"**« -f ; and ^ a sufficient 

4t^*Cj&C» Cf &C« 

approximation for r*** we write r' +l , the expression will be- 


r 


r r "*’ 1 > a, t, c, *V 4- 1 i a, ft, c. &c. 


«— »| 2 


*1 T 

«f«,s,e, «tc. _j_ JL- » a,t,e,&c. and will agree with Mr. Daily's 

observations on page 344 of his Doctrine of Life Annuities, as 
far as it goes. Note, we might with a similar proximity have 
omitted the t in the exponent of r ; and as a nearer approxi- 


mation have written r* + * for r* + (not deeming it necessary 

r 

- »J | 

to go nearer), and the expression will be Z r ,b,c ‘ * c - + — • x 


uLi.e, &c. . I might make some farther observations on the 


comparison of the different methods pointed out, with respect 
to their proximity, but I fear that the length of this Paper hkfe 
already caused me to occupy too large a portion of the pre- 
sent volume. 



XVHii Oh the measurement of Snowdon, by tike Thtrmometrkal 
Barometer. By the Rev. F. J. H. Wollaston, B.D. F.R.S. 

fi" 

Read June *9, i8so. 

The Royal Society did me the honour to notice in their 
Transactions, 1817, p. 183, the description of a Thermo- 
metrical Barometer, by which it was conceived that acces- 
sible heights might with convenience be measured ; and may 
therefore not be -uninterested by the account of an actual 
measurement made with it. Having occasion last summer 
to visit Carnarvon, which would afford an opportunity of 
trying the instrument on the known height of Snowdon, and 
being aware that in 3550 feet the variations of the boiling 
temperature were not to be considered uniform, as they 
might in small elevations, on which alone I had before tried 
the experiment, I wished to provide myself previously with 
a table for making the necessary corrections ; and from Dr. 
Ure's paper, Philosophical Transactions, 1818, p. 338, was 
supplied with data for the calculation. The law, which he 
discovers by approximation and lays down, is this : that, the 
elastic force of the air, or length of the column of mercury 
in the barometer being supposed 30 inches when water boils 
at a is* of Fahrenheit, will be the length of the column 

at eoa° ; the length at 1 9* 0 ; and ao on progres- 

sively, adding another increased divisor for every io # of ther- 
mometrical temperature. 

For my purpose it was necessary to calculate the varia- 
tions at smaller intervals than ten degrees, and particularly 
to obtain those between sia° and soa°, by getting a series of 
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divisors for each degree, instead of the simple divisor of M3 
for the whole. By taking the tenth of the logarithm of 1,95, 
the uniform divisor appears to be 1,0*1 ; but to make rile 
successive divisor* increase at the lower temperatures, as 
Dr. Ure does, suppose them to be taken thus ; 

1,03059 

1,0*068 . V 

i ,0*077 
1, 0*086 
1,0*095 
1,0*105 
1,0*114 
1 , 081*3 
1,0*13* 

1,0* 14* 

to, » 1000 

The mean of which is 1.0*1. 

The logarithms of these divisors, if their differences be 
equalized by a small change in the last figure, will stand 
thus: 88501 

8889s 

89*8* 

89678 

90063 
90454 
90844 1 

9**34 

916*5 

9*105 

V ■- t 

the sum of these logarithms being 0,903583, the logarithm of 
i,sg nearly. 



% *W «*eof these logarithms, the series of barometrical 
heights corresponding with each degree of Fahrenheit^ cal* 
culated from go inches at 1 is 0 , downward to soa°, and car- 
ried upward to at 4°, will be found in the following Table I. 
in the fifth column <of - which the difference of the logarithms 
Of the barometric column, which corresponds by a known 
law with the number of fathoms; of elevation, is multiplied 
by 6 , to give' the feet of elevation which produces the suc- 
cessive depression of the boiling point one degree of Fahren- 
heit ; and the 6th column gives the total elevation, reckoning 
from the atation where water boils at si a* to any other sta- 
tion where the boiling temperature is at any degree between 
so* and 314 • For the differences between each degree, thle 
elevations may be taken with sufficient accuracy by simple 
proportion. 

Table L 
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f .In the applicatidnrofthis table to use, H'liiust be minted 
to the shale* of jthe particular thermo metrical barometer em- 
ployed^ fo my former paper, I observed tltat a change of 
1° FahrenhektSppeared to be produced by 0*589 Of the com- 
mon barometer. •> This was deduced from thecoraparison of 
my long thermometer of j^S iirches to every degree With 
a common barometer. But having subsequently compared 
the same thermometer with a mountain barometer by 
Tnou.Ofcrotff where Icould ascertain the adjustment for the 
height of the mercury in the basin, I found that at a mean 
of 29,5 inches, 0,603 of barometer corrected was equal to 1* 
of Fahrenheit. This conclusion agrees very closely with 
the table deduced from Dr. Use's observations, in which be- 
tween 211* and 2ia # , the difference of the mercurial column 
is 0,605 nearly at the mean height of 29,7, and would be 
rather less at 29,5. On the scale of the instrument which I 
have now in use, the half inch is divided into ten parts, and 
by the Yemiefinto a hundred ; the inch, therefore, into two 
hundred; and Oind by observation, that x,ooo of the cor- 
rected barometer equals 972 parts on the scale of the ther- 
mometrical barometer, or 1,86 inch; consequently, 0,605 
barometer or 1® Fahrenheit, == 225 parts on the scale, or i£ 
inch, which is a sensibility entirely sufficient. And those 
125 parts being supposed, according to Table I, =531 feet 
between *ir p and 212®, 100 parts Will equal 296 feet at that 
part of the scale. Between 202° and 209°, 225 parts ss 55a 
feet, and, consequently, 100 parts * a 246 feet nearly ; and so 
of every other point ; and the following table of heights, 
corresponding with the scale of my instrument, will be found 
in the nearest whole numbers. 




A simple proportion applies this Table to the use of any 
other thermometrical barometer of greater or less 
bility. 

As the instrument I was about to employ had a scale of 
otlly four inches, or 800 parts, and could therefore scarcely 








measure . at.its*utmo$fc;. w^fleoesiiajr, 

wa of &5$o £ms t&Xdk&i&tkf 'wfetdefimamtmaem 

into tjvo, pr, forgreater a*ct«#y,i^^#ree lengthsvandit 
became therefore, % faifn&W! cfe*lie^etw*l use of eheia* 
strument in evexy respect. t.| ,-: ^ ...» • j-\ t.j 1 

On the a^th pf. August, having occasion to ride from Guv* 
naryqu to, Gregory's New Inn, near Lianberis Lake, at the 
foot of Snowdon, for the purpose of securing accommoda- 
tions for my party, I took the instrument in my pocket 
having previously boiled it. on, the ground floor of the Vioar^ 
age bouse at Carnarvon,, where it stood at 517,5, thermor 
meter 66°, barometer 30,0.. In the parlour at Gregory's it 
Stood at 401, thermometer&S 0 , barometer not, changed during 
my absence ; difference at the two stations 116,5. , : > 1 

100; 1 16,5:;, Bgfl; B75 feet, the approximate height: 
add the correction o,o8p 
x .*75 from General 
Roy's table following 

of Gregory's above the Vicarage. 

The descent from the Vicarage to the north end pf Car- 
narvon quay, was taken by levelling, and found 11,85 feet* . 

August 87. The instrument h#d been set at Gregory's at 
768, before the party began to ascend the hill ; but when we 
came to the place where the guide* supposed we had ascended 
half way, it stood at about 3op,.showing that we had not 
gone far enough to take the whole in two lengths pf ? |he, 
scale; and we therefore proceeded farther, to a poipt o^ o * 
site a paiss in the ridge of Snowdon, called Bwlch Cytnb$t£r 
nog. by which the hill is ascended frqm Nant. .In careyipfr 
the instrument, incautiously front., the former {ran*- 1|N|f 


• *±5 

i 839,5 fe® 1 * the corrected height 



measurement of Snowdon by the Themomtrical Barometer. get 

cooling, the mercury was drawn into the tube from the cap 
at the top, and die previous measure from Gregory's was 
therefore lost. I mention this, to show how the measure 
was afterwards recovered on descending. 

At this point which I call H, the half height, the thermo- 
metrical barometer was set at 792, in the manner directed in 
my former paper ; thermometer 62®. When boiled again on 
the summit it stood at 86, thermometer 66°. On descending 
again to H, it boiled at 785, thermometer 63°. From this 
point, my measurement to Gregory's downward, was to be 
made for recovering the accidental loss in the ascent ; and 
for that purpose an operation was to be performed on the' 
instrument, by no means so easy as that for taking a suc- 
ceeding stage upward ; for the mercury must in this case be 
expanded out of the tube into the cap over the flame of the 
lamp, until on boiling, it stands as near as may be requisite 
to the bottom of the scale. This was done at H, and the 
water boiled at 146, thermometer 6g°. On carrying it down 
to the Inn it stood at 695, thermometer 65°. The barometer 
observed at Carnarvon about the time of boiling at H, on 
ascending, was at 29,91 ; and at the time of boiling there 
the second time, it stood at 29,88, where I found it on my 
return to Carnarvon. 

Between Gregory's and H, the difference 695 — 146 = 549, 
mean thermometer 64®, barometer 29,9. Between H and the 
summit, the difference ( from the mean of the two observa- 
tions at H 22 i±ZiS~J 788,5 — 86 = 702,5, mean thermo- 
meter 64°. The mean thermometer being the same in both 
lengths, they may be calculated together, the total being 
549 4 * 702,5 cs 1*51 ,5, thermometer 64®. The barometer 

msoccxx. E r 
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being at tg,g, I begin from the corresponding pqpti^n 
Table II, and take out , > i« • ’ n w 

*m PV** Mv«eo S® ««• »3«>« ‘IWMv «#•= •}*» i , ->,t 
M ’ * r W , 

J*S‘»S puts, gjring the approximate height - a$ 8 $,s feet, 

to thi. add the correction from Table III, 0,0837 x 2985,5 — *j 0/5 

the corrected height from Gregory’s to the summit 3235,5 fret, 
from Vicarage to Gregory’s ... 299,5 

from Quay to Vicarage ... 11,15 

— f — j t 

Total from north end of Quay to summit - 35 46,25 foot. 

General Roy's measurement trigonometrically makes it 
3555,4 feet, and barometrically £548*9 feet. 

During the same visit to Carnarvon, I took the opportunity 
of trying the instrument on Moel Elio, which stands between 
that place and Snowdon, and has also been measured by 
General Roy. On September 6, at the Vicarage, the ther- 
mometrical barometer stood at 737, thermometer 59 0 , baro- 
meter « g£. In the blacksmith’s shop at Waen Fawr, at the 
foot of Moel Elio, water boiled at 550, thermometer 57 0 . The 
instrument was here set to 767, and carried to the summit, 
where by the pile of stones it stood at 85, thermometer 5a 0 . 

From Vicarage to Waen Fawr, the difference 737 — 5 50 =: 1 87, mean thttjm. 58°. 
187 parts - - * ss 441 feet. 

Add correction 0,0669 X 441 - * ss *9*5 

Corrected heightfrom Vicarage to Waen Fattr - 470,5 feet. 

From Waen Fawr to the top, the difference 767 —*5 5s 74a, mean therm. 5$*. 

74a parts taken from 258 to tooo - «* - ss 1786 i 

Add correction 0,0583 x 17^ - - * 5, 

Corrected height from Waen Fawr to the top 1 868*8 feet* - 

From Vicarage to Waen Fawr - - - - 470,5 

From Quay to Vicarage n^j 

Total from north end of Quay to top of MoeiSlio - - 



measurement of Smwdm ty the TtmamitricM Barometer, 303. 

©enwari Rot’s measurement trigonometrically' makes it 
3j#ifeet ; barometrically 9391,8 feet. The three mekutm- 
menrs in this instance, do not agree so well as at Snowdon : 
whether this arises in-pny degree from the different forinS 
of the two. mountains, rendering the point of observation less 
definite ki the one Cash, I will not pretend to say ; Snowdon 
terminates in a point, Moel Elio has a large bare summit. 

To save the trouble of reference to General Rot’s Paper, 
Philosophical Transactions, 1777, p. 771, 1 give here from that 
Paper; a part of the Table for correction on account of the ex- 
pansion of the column of air between two stations at different 
temperatures, in thousandth parts of an observed height 

Table lit 



The instrument with which these experiments were made, 
had been improved from the original construction as de- 
scribed in the Philosophical Transactions, and I shall men- 
tion the particulars of difference. The thermometer itself is 
straight, and carried up the middle of the scale. The index 
moves by hand on a square rod on one ride of the glass tube, 



















The ifcc.E. J.^Wox^TOP^^ 

with an adjustment by a screw at the top. The veiwfeNa 
applied to the edge of the scale. < I recommend that in maie- 
ing these thermometers, the bulb be blown on a piece of tube 
of {- inch bore, or nearly, so that the, mercury expanded bo- 
fore boiling may be wholly contained in that tube without 
requiring an upper bulb ; for if that bulb be made of a size 
to allow the mercury to separate in it, a globule may lodge 
in the upper part of it near the fine thread, and be attended 
with much inconvenience. 

To protect the lamp from wind more effectually than was 
done by the small tent-stand formerly described, I have 
made the outride case of thin copper, hard soldered, so as to 
serve as a lanthorn to contain the lamp burning at bottom ; 
while the boiler, which is made of a drawn tube, with the 
thermometer, slips down from above, and is also protected 
from the cold air during the experiment. The inverted 
boiler screws as before, over the scale of the thermometer, 
and packs in the centre of the case for carriage, the bulb of 
the thermometer going downwards into the chimney of the 
lamp ; round the chimney in the lower part of the case, is 
space sufficient for stowing some matches of the oxymuriate 
of potash, a bottle of sulphuric acid, a wax candle, a tin 
bottle of water, a pair of scissors for trimming the lamp, a 
tumscrew and thermometer. In the upper part is also room 
for some tow or rag for cleaning, See . ; and the whole, when 
packed for use, weighs two pounds. Still farther to be 
guarded against wind, if necessary,! carried, as a walking- 
stick, a rod cut into three, and jointed at top, which belongs 
to a theodolite as its stand ; and had in my pocket a conical 
bag of thin cotton, which would cover the whole as a tent. 
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XIX. Ow Sounds inaudible by certain eat. By William Hires 
Wollaston, M. D. P. R. S, 


Read June ag, i8eo. 

It is not my intention to occupy the time of this Society, 
with the consideration of that mere general dullness to the 
impression of all kinds of sound which constitutes ordinary 
deafness, but to request its attention to certain peculiarities 
that I have observed with respect to partial insensibility in 
different states of the ear, and in different individuals ; for I 
have found that an ear, which would be considered as per- 
fect with regard to the generality of sounds, may, at the 
same time, be completely insensible to such as are at one or 
the other extremity of the scale of musical notes, the hearing 
or not hearing of which seems to depend wholly on the 
pitch or frequency of vibration constituting the note, and not 
upon the intensity or loudness of the noise. 

Indeed, although persons labouring under common deaf- 
ness have an imperfect perception of all sounds, the degree 
of indistinctness of different sounds is commonly not the 
same ; for it will be found upon examination, that they usu- 
ally hear sharp sounds much better than low ones ; the$r dis- 
tinguish the voices of women and children better than die 
deeper tones in which men commonly speak ; and it may be 
remarked, that the generality of persons accustomed to speak 
to those who are deaf, seem practically aware of this differ- 
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eneCj and, even without reflecting upon the motives which 
guide them, acquire a habit of speaking to deaf persons in a 
shriller tone of voice, as a method by which they succeed in 
making them hear more effectually than by merely speak- 
ing louder. " ' 

fa elucidation of this state of hearing, which casually occurs 
as a malady, I have observed, that other ears may for a 
time be reduced to the same condition of insensibility to low 
sounds. I was originally led to this observation, in endea- 
vouring to' investigate the cause of deafness in a friend, by 
trial of different modes of closing, or otherwise lessening the 
sensibility of my own ears. I remarked that, when the 
mouth and nose are shut, the tympanum may be so ex- 
hausted by forcible attempt to take breath by expansion of 
the chest, that the pressure of the external air is strongly 
felt upon the membrana tympani, and that, in this state of 
tension from external pressure, the ear becomes insensible to 
grave tones, without losing in any degree the perception of 
sharper sounds/ 

, The state to which the ear is thus reduced by exhaustion, 
may even be preserved for a certain time without the con- 
tinued effort of ' inspiration, and without even stopping the 
breath, since by sudden cessation of the effort, the interna! 
passage to the ear becomes closed by the flexibility of the 
Eustachian tube, which acts as a valve, and prevents the 
return of air into the tympanum. As the defect thus occa- 
sioned is voluntary, so also is the remedy ; for the unpleasant 
Sensation of pressure on the drum, and the partial deafness 
which accompanies it, may at any instant be removed by the 
act of swallowing, which opens the tube, and by allowing 
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the air to enter, restores the equilibrium of pressure neces- 
sary to the due performance of the functions of the ear. 

In my endeavours to ascertain the extent to which this kind 
of deafness may be carried, some doubt has arisen, from the 
difficulty of finding sounds sufficiently pure for the purpose. 
The sound of stringed instruments are in this respect defec- 
tive; for unless the notes produced are free from any inter- 
mixture of their sharper chords, some degree of deception is 
very liable to occur in the estimate of the lowest note really 
heard. I can, nevertheless, with considerable confidence, 
say, that my own ears may be rendered insensible to. all 
sounds below F marked by the base cliff. But as I have 
been in the habit of making the experiment frequently, it is 
probable that other persons who may be inclined to repeat 
it, will not with equal facility effect so high a degree of 
exhaustion as I have done. To a moderate extent the ex- 
periment is not difficult, and well worth making. The effect 
is singularly striking, and may aptly be compared to the 
mechanical separation of larger and smaller bodies by a sieve. 
If I strike the table before me with the end of my finger, 
the whole board sounds with a deep, dull note. If I strike 
it with my nail, there is also at the same time a sharp sound 
produced by quicker vibrations of parts around the point of 
contact. When the ear is exhausted it hears only the latter 
sound, without perceiving in any degree the deeper note of 
the whole table. In the same manner, in listening to the 
sound of a carriage, the deeper rumbling noise of the body 
is no longer heard by an exhausted ear ; but the rattle of % 
chain or loose screw remains at least as audible as before 
exhaustion. 
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^'4h£ effect of good nttisic, jretV ais I 
from a defective performance, I havie 
lly trted it at a concert with singular effect; since 
off the sharper sounds are lost, but by the suppression 
great mass of louder sounds, the shriller ones are so much 
the more distinctly perceived, even to the rattling of the 
keys of a bad Instrument, or scraping Of catgut unskilfully 
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Those who attempt exhaustion of the ear for the first 
time, rarely have any difficulty in making themselves sensi- 
ble of external pressure on the tympanum ; but it is not easy 
at first to relax the effort of inspiration with sufficient sudden- 
ness to dose the Eustachian tube, and thus maintain the ex- 
haustion ; neither is it very easy to* refrain long together 
from swallowing the saliva, which instantly puts an end to 
thd experiment. 

I may here remark, that this state of excessive tension of 
the tympanum is sometimes produced by sudden increase Of 
external pressure, as well as by decrease of that within, as 
hr often felt in the diving-bell as soon as it touches the water; 
the pressure of which upon the included air closes the Eutf* 
tachian tube, and, in proportion to the descent, occasions ; i 
degree of tension on the tympanum, that becomes distressing 
to persons who have not learned to obviate this inconvenience. 
Those who are accustomed to descend, probably acquire the 
aTt of opening the Eustachian tube by swallowing, or hr- 
eipient yawning, as soon as the diving-bell touches the 
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It seems highly probable that, in the state of artificial 
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tension thus produced, a corresponding deafnesk to le# tenet 
is occasioned, but, as I never have been in that ntuadtei^ I 
have not had an opportunity Of ascertaining this point by 
direct experiment, 

In the natural healthy state of the human ear, there dobs 
not seem to be any strict limit to our power of discerning 
low sounds. In listening to those pulsatory vibrations of the 
air of which sound consists, if they become lets and less fre- 
quent, we may doubt at what point tones suited to produce 
any musical effect terminate ; yet all persons but those whose 
organs are palpably defective continue sensible of vibratory 
motion, until it becomes a mere tremor, which may be felt 
and even almost counted. 

On the contrary, if we turn our attention to the opposite 
extremity of the scale of audible sounds, and with a series of 
pipes exceeding each other in sharpness, if we examine the 
effects of them successively upon the ears of any consider- 
able number of persons, we shall find (even within the range 
Of those tones which are produced for their musical effects) 
n-very distinct and striking difference between the powers of 
different individuals, whose organs of hearing are in other 
respects perfect, and shall have reason to infer, that human 
hearing in general is more confined than has been supposed 
with regard to its perception of very acute sounds, and has 
probably, in every instance, some definite limit, at no great 
distance beyond the sounds ordinarily heard. 

It is now some years since I first had occasion to notice 
this species of partial deafness, which I at that time supposed 
to be peculiar to the individual in whom I observed it. While 
I was endeavouring to estimate the pitch of certain sharp 
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I fonpMin one of my friends a total intsnoihility 
fotbeaoundof a small organ pipe, which, in respectto, acute- 
ness* was for within the limits of my own hearing, as well 
as of others of our acquaintance. By subsequent examina- 
tion, we found that his sense of hearing terminated, at a. note 
fop; octaves above the middle E of the piano-forte. This, 
note he seemed to hear rather imperfectly, but he could not 
hear the F next abote it, although his hearing is in other 
respects as perfect, and his perception of musical pitch as 
correct as that of any ordinary ears. 

The casual observation of this peculiarity in the organ of 
hearing, soon brought to my recollection a similar incapacity 
in a near relation of my own, whom I very well remember 
to have said, when I was a boy, that she never could hear 
the chirping that commonly occurs in hedges during a 
summer's evening, which I believe to be that of the gryllus 
campestris, 

1 have reason to think that a sister of the person last 
alluded to had the same peculiarity of hearing, although 
neither of them were in any degree deaf to common sounds. 

The next case which came to my knowledge was in some 
degree more remarkable, in as much as the deafness in all 
probability extended a note or two lower than in the first 
instance. This information is derived from two ladtes of 
my acquaintance, who agree that their father could never 
hear the chirping of the common house sparrow. This is 
the lowest limit to acute hearing that I have; met with, and I 
believe it to be extremely rare. Deafness even to the chirp- 
ing of the house cricket, which is seyeral notes higher, is not 
common. Inability to> hear the piercing squeak of the hat 
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detents not Very rare, as I havemetividi severalinatan«sof 
persons not aware of such a sound T1» <Ah^g, VrMdfi[ I 
suppose to be that of the gryllus campestris,appearSt6bfe 
ratherhigherthan that of the bat, and accordingly Avill M^a 
proach die limit of a greater number of ease : for, astfar-ai 
I am yet able to estimate, human hearing in general extends 
but a few notes above this pitch. I cannot, however, mea- 
sure these sounds with precision ; for it% difficult to make i 
pipe to sound such notes, and still more difficult to appreciate 
die degree of their acuteness. . < 

The chirping of the sparrow will vary somewhat in its 
pitch, but seems to be about four octaves above E in the 
middle of the piano-forte. • ' 1 ■ i 7 

The note of the bat may be Stated at a foil octave higher 
than the sparrow, and I believe that some insects may reach 
as faras one octave more ; for there are sounds decidedly 
higher than that of a small pipe one-fourth of an inch in 
length, which cannot be far from six octaves above the 
middle E. But since this pipe is at the limit of my own hear- 
ing, I cannot judge how much the note to which I allude 
might exceed it in acuteness, as my knowledge of the exis- 
tence of tins sound is derived wholly from some young 
friends who were present, and heard a chirping, when I ami 
not aware of any sound. I suppose it to have been the cry 
of some species of gryllus, and I imagine it to differ from the 
gryllus campestris, because 1 have often heard the ciy of 
that insect perfectly. < 

From the numerous instances in which I have now wit- 
nessed the limit to acuteness of hearbig, and from the dis- 
tinct succession of steps that I might enumerate is the 
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hearing of different friends, as the result of various trials 
that ! have made among them, I am inclined to think, that at 
the limit of hearing, th$ interval of a single note between two 
sounds,; may be sufficient to render the higher note inaudible, 
although the lower note is heard distinctly. 

Hie suddenness of the transition from perfect hearing to 
total want of perception, occasions a degree -of surprise, 
which renders an experiment on this subject with a series of 
small pipes among several persons rather amusing. It .is 
curious to observe the change of feeling manifested by vari- 
ous Individuals of the party, in succession, as the sounds ap- 
proach and pass the limits of their hearing. Those who 
enjoy a temporary triumph, are often compelled, in their 
turn, to acknowledge to how short a distance their little 
superiority extends^ 

Though it has not yet occurred to me to observe a limit 
to the hearing of sharp sound in any person under so years 
of age, I am persuaded, by the account that I have received 
from others, that the youngest ears are liable to the same 
kind of insensibility. I have conversed with more than one 
person who never heard the cricket or the bat, and it ap- 
pears far more likely that such sounds were always beyond 
their powers of perception, than that they never had been 
uttered in their presence. 

The range of human hearing comprised between the 
lowest notes of the organ and the highest known cry of 
insects, includes more than nine octaves, the whole of which 
are distinctly perceptible by most ears, although the vibra- 
tions of a note at the higher extreme are six or seven hun- 
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dated fold more frequent than those which constitute the 
gravest audible sound* 

Since there is nothing in the constitution of the atmos- 
phere to prevent the Existence of vibrations incomparably 
more frequent than any of which we are conscious, we may 
imagine that animals like the grylli, whose powers appear to 
commence nearly where ours terminate, may have the fa- 
culty of hearing still sharper sounds, which at present we do 
not know to exist, and that there may be other insects hear- 
ing nothing in common with us, but endued with a power of 
exciting, and a sense that perceives vibrations of the Same 
nature indeed as those which constitute our ordinary sounds, 
but so remote, that the animals who perceive them may be 
said to possess another sense, agreeing with our own solely 
in the medium by which it is excited, and possibly wholly 
unaffected by those slower vibrations of which we are 
sensible. 

I should be always most unwilling to occupy the time of 
this Society with idle speculations on mere possible modes of 
existence, and should not have called its attention to this 
subject, had I not observed several curious facts which 1 
thought might prove interesting, and may serve to justify 
some latitude of conjecture beyond the strict evidence of our 
senses. 
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XX. Particular! respecting the anatomy of the Dugong, in- 
tended as a Supplement to Sir T. S. Raffles' Account of that 
animal. By Sir Everard Home, Bart. F. R. S. 

Read June *9, 18*0. 

So met 1 me after Sir Thomas Stamforq Raffles' paper on 
the Dugong was laid before the Society, I received from him 
a young female of that animal, four feet six inches long, 
and the viscera of a male, eight feet long, preserved in spirit, 
with the bones dried. 

From these materials I have selected the most interesting 
facts that came under my observation, not adverted to in Sr 
Thomas Stamford Raffles’ description, and now lay them 
before the Society, to render the account of this most ex- 
traordinary animal as complete as it is possible for me 
to do. 

The external form of the animal was in sufficient preser- 
vation to enable Mr. Clift to give a representation of it, 
which is annexed, ( PI. XXV. ) 

Although the tusks, as well as the mode of shedding theni, 
have. been described in a former paper, the skull of the small 
dugong furnishes farther materials respecting the teeth of 
this animal. It has two incisors in the upper jaw immedi- 
ately before the two milk tusks ; these are more advanced 
in the gum than the tusks ; and therefore, would appear 
before them. The gum covering the alveoli was very thick,' 
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and a ligamentous substance passed down Anna It Into each 
separate opening, and attached itself to the teeth they contain, 
to serve as gubemacula, to guide the points of the incisors 
and tusks in the right direction to pierce the gum. ^ * 

The first, or temporary set of molares Which had been 
shed in the other skulls, was in the small one twenty in 
number, there being five on each side of each jaw. 

In the anterior scabrous projection of the lower jaw, were 
four regular sockets on each side, filled with a ligamentous 
substance passing into them from the gum, forming guber- 
nacula for the incisors not yet completely formed. 

Hie tongue, which is represented in one of the annexed 
Plates (PI. XXVII.) of the natural size, has two nipple-like 
processes at its base, one on each side ; it is only loose for 
half an inch at the point, which is covered with long villi, 
showing that the sense of taste is very delicate. 

The insides of the cheeks are covered with cuticle, in 
which are strong projecting bristles, as in the hare and 
rabbit. 

The oesophagus is lined with cuticle, which terminates 
before the entrance into the stomach, where the oesophageal 
glands are situated. 

The stomach differs from all the stomachs I have yet seen ; 
for although it possesses peculiarities met with in the whale 
tribe, the pjecari, the hippopotamus, and beaver, even these 
very peculiarities are differently arranged, as will be Men 
by referring to the annexed drawings. 5 

The cardiac portion is small, for an animal living on w^e- 
table food, and extends farther to the left side beyond the 
entrance of the oesophagus than is usual; its form is more 
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globular than the human. On the upper orsmallcuwatiire 
to the left of the entrance of the oesophagus, quite at thqex- 
tremity, are situated the gastric glands, forming a rounded 
mass, as in the beaver. The orifices of these glands are 
small, and covered over with a membranous bag, which 
has only one large aperture. The glandular mass is divided 
into two portions. Their appearance is seen in Plate XXVII. 
and resembles more that of the same glands in the ardea 
argala, described in a former paper, than of any quadru- 
ped. The Internal surface of this portion of the stomach 
is smooth, but not cuticular; the coats are thick near the 
cardia, but thin towards the pyloric portion. The communi- 
cation between this and the pyloric portion, is by a round 
aperture three fourths of an inch in diameter, similar to what 
is met with between the different cavities of the stomach in 
the whale tribe. Immediately beyond this orifice there are 
two openings from the pyloric portion, one from the pos- 
terior side into a cul-de-sac six inches long, and one from the 
anterior only three inches in length. This portion is rather 
shorter than the cardiac, is thinner in its coats, has a smooth 
internal surface, and bends a little upon it 3 elf before it termi- 
nates in the pylorus, which is marked by a welt, or valve. 
The two appendages to the pyloric portion, differ from those 
in the hippopotamus and the pecari, in being smaller, and 
projecting farther, as well as in not belonging to' the cardiac 
portion, as in these animals. All these cavities, including the 
appendages, were distended with fuci in a macerated state, 
undergoing trituration. 

This complex stomach, belonging to an animal whose food 
ia pearly the same as that of the hippopotamus, makes it 

xsoocxx. T t 
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tfefy d etiMSe fha I theM¥e*hal cavities bf the itottiiik^i 'dfr 
animal should he examined and described. This, IbeKeve, 
has never yet been done ; and, whenever an opportunity 
offers of sending the stomach home preserved in spirit, the 
opportunity, Wfe trust', will not be lost, as it will prove a mdat 
acceptable service to Comparative Anatomy. Such an "«Xam$i 
nation would probably put us in possession of all the pecult* 
arities in the structure of the organs of digestion, that lire 
met with in nature, for digesting vegetable substances, as 
Well those that grow 1 upon land, as those that grow at the 
bottom of the sea, or of rivers of fresh water. 

The duodenum receives the ducts of the liver and pancreas 
about four inches from its origin at the pylorus The coats 
are strong, the internal surface is honeycombed, having lon- 
gitudinal ridges, and smaller ones in a transverse direction. 
The jejunum has, on that side attached to the mesentery, a 
row of orifices of glands, not in one line, but in a regular 
zig-zag. These were very distinct in the small dugohg, 
bttt could not be seen in the large one. Similar orifices are 
met with in the colon of the ornithorhyncus paradoxus, 
ranged in ten separate dotted lines. These orifices extend 
to the caecum. The mesenteric glands are large, flat, oval, 
and thinly scattered. 

The caecum is shown in Plate XX VTI. ; it is four times the 
size of the ilium, conical in its shape, and thick in its coats. 

The ; colon has small lacunae over its whole surface. 

The whole intestinal canal is fourteen times the length of 
the animal, of which the small make five, the large nine. 
There are no valVulae cortniventes in any part of the in* 
testines. ' 
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The spleen is made up of a fine beautiful reticulated aet- 
wotk. ' 

The external opening of the nose is that of the whale 
tribe in miniature ; and the os hyoides has the same form a* 
in that tribe. The epiglottis is long, and has a ligamen- 
tous edge ; it stands up in the posterior nostrils, but does 
not form a tube with the glottis, as in the whale tribe. 
The glottis is very similar to the human, as well as the 
thyroide, cricoide, and arytaenoide cartilages. There are no 
sacculi laryngaei ; but two ligaments pass forwards from the 
base of the arytaenoide cartilages to have an attachment to 
the concave surface of the thyroide, forming a rimula glot- 
tidis, which can be made wider and narrower, and the liga- 
mentous bands tighter or looser, by the action of the arytae- 
noide muscles. I have dwelt more upon the cartilages of 
the larynx, which arc so different from those of the whale 
tribe, as this animal is said to be capable of making a noise 
not unlike the cry of a young child. The trachea is only 
two inches long before it divides into two ; the rings are 
circular, although not regularly separate from each other. 

The lungs in the larger dugong are two feet in lengthy 
that is one-fourth the length of the animal ; they are ex- 
ceedingly elastic, and the cells are very small, about the 
same size as in the whale : those nearest the surface are 
twice as large as the others, so that they cannot readily 
empty themselves entirely. The rings of the bronchiae are 
very strong ; they are oval in their form, and run into one an- 
other. This circumstance is shown in Plate XXIX. 

The greatest peculiarity in the structure of this animal, is 
that of the ventricles of the heart being completely detached 
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from one another. This is not met with in any.otheranimal, 
and it is at first difficult to account for it, as tile circulation 
of the blood does not differ from that of the whale tribe and 
quadrupeds in general. 

It was natural to look to the heart of the whale for some- 
thing at least analogous to it. In the whale, the right ven- 
tricle has its apex on the same line with that of the left, and 
the muscular fibres appear to be more nearly of the same 
length, than in the hearts of quadrupeds in general. This 
circumstance, of the muscular coats of the .two ventricles of 
the whale's heart being more equal in power than is usual, 
renders it probable, that in the dugong, where the lungs have 
such uncommon length, it was necessary that the approach 
to equality between the two ventricles should be still greater ; 
and this equality could in no way be so well effected as by 
giving the muscles of the right all the superior mechanical 
advantages which, in other animals, belong to the left, as was 
explained to the Society in the year 1790. 

The ventricles, although similar in structure, are not of 
the same size or thickness; the left in the larger dugong, is 
five inches long, and thicker than the right, which is only 
four and a half. 

The auricles have transverse elastic bands, passing from 
one side to the other, as in the whale. The orifice of the 
foramen ovale was completely closed, although the part 
where it had been, was distinctly marked. The valvule 
mitrales and tricuspides had nothing particular in their ap- 
.pearance; nor had the semilunar valves of the aorta and 
pulmonary artery. 

The relative size of these two great trunks is the as 
in the elephant. 
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The kidneys are long narrow conglobate, and have eleven 
mammas on each side. 

The form of the penis is represented in Plate XXX. ; it has 
no bone in it, as in the hippopotamus and sea otter. This re* 
presentation is taken from that of the dugong eight feet long. 

The vagina is four inches long. The os tincae takes on the 
form of a rose. The uterus is about three inches long. The 
horns go off at right angles, as in the engraving, (PI. XXX. ) 
which was taken from a drawing of the dugong four feet six 
inches long. 

The cribriform plate of the ethmoide bone in the small 
skull, had three distinct foramina on each side, for the bran- 
ches of the olfactory nerve. 

The eye had a membrana nictitans. The cornea was 
prominent ; the lens double convex, the coats thin, the nigrum 
pigmentum very black. 

The sternum in the small dugong was ligamentous in the 
middle, where the cartilages of the ribs joined it. This pe- 
culiar structure,. which appeared to be for the purpose of 
allowing the body to bend forward, was not met with in the 
large one, the whole being formed into one bone. The appear- 
ance is so remarkable, that it is shown in Plate XXXI. 

The two bones in the flesh, substitutes for a pelvis, are 
shown in Plate XXXI.; they were situated opposite the fourth 
vertebra of the loins. 

There is a bony canal in the anterior part of the spine, 
from the anus to the- tail, for the great blood vessels, the 
spinous processes of which are only attached to the vertebra; 
by ligament 

There is only one bone corresponding to the phalanges of 
the thumb, and it is the same with respect to the little finger ; 
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that belonging to the little finger is the broadest, so that the 
thumb (if the term may be used) is in the situation commonly 
occupied by the little finger. 

EXPLANATION OF THE PLATES. 

Plate XXV. 

The external appearance of a young dugong, upon a scale 
of two inches to a foot. 


Plate XXVI. 

The stomach distended, to show the prominent part of the 
cardiac portion containing the gastric glands, the contrac- 
tion between the cardiac and pyloric portion, and the two 
caeca that communicate with the pyloric portion ; the thick- 
ening at the pylorus, and the termination of the ducts of the 
liver in the duodenum ; on a scale of half an inch to one 
inch. 

Plate XXVII. 

Consists of three figures. 

Fig. 1. The gastric glands in one mass, and the oesophageal 
glands, with the orifices exposed ; of the natural size. 

Fig. a. The tongue in situ, only loose for half an inch at 
the point ; two nipple like processes at the root ; the papillae 
at the tip for the sense of taste ; natural size. 

Fig. 3. The caecum ; on a scale of half an inch to one 
inch. 

Plate XXVIII. 

The heart, with the aorta and pulmonary artery ; of the 
natural size ; from the dugong, eight feet long. The great 
peculiarity of the ventricles being separate, is distinctly 
shown. 
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Plate XXIX. _ 

Consists of two figures of the natural size; from the 
dugong eight feet long. 

Fig. 1. A portion of trachea below the bifurcation, to 
show the connection of the rings. 

Fig. a. A portion of the lungs of the same dugong, to 
show the appearance of the cells, and the internal surface of 
the bronchia. 

Plate XXX. 

Consists of two figures. 

Fig. l . The glans penis of the natural size ; from the du- 
gong eight feet long. 

Fig. a. Vagina and uterus of the natural size; from the 
dugong, four feet six inches long. 

Plate XXXI. 

Consists of two figures. 

Fig. l. The sternum in the young dugong, to show that 
the ribs are attached to a ligament between two portions of 
bone ; but in the older, all these parts are ossified. The parts 
are of the natural size. This peculiarity must render the 
body more flexible at that ag e. 

Fig. 2. The bones forming a substitute for the pelvis in 
the female dugong, four feet six inches long ; of the natural 
size. 
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XXL On the compressibility of Water . By Jacob Pxkkins, Esq . 

Communicated by the late Right Hon. Sir Joseph Banks, Bart. 
G.C.B.P.R.S. 

Read June 99, 1820. 

H a vino believed for many years that water was an elas- 
tic fluid, I was induced to make some experiments to as- 
certain the fact. This was done by constructing an instru- 
ment which I call a piezometer, and which is represented in 
Plate XXXII, Fig. 1. The cylinder, A, was three inches di- 
ameter, and eighteen inches long. The end, B, was made 
water tight by means of a plate which was soldered firmly to 
it. At the other end, C, a cap was made to screw on and off at 
pleasure ; being also made water tight. The rod or plunger, 
D, which was five-sixteenths of an inch in diameter, was made 
to pass through a tight stuffing box, E. On the rod immedi- 
ately above the stuffing box, was fixed a flexible ring, a. A 
cannon. Fig. 2, of a sufficient size to contain the piezometer, 
was fixed vertically in the earth, the muzzle being left about 
eighteen inches above ground, and the touch-hole plugged 
tight. At the mouth a strong cap. A, was firmly screwed 
on. In the centre of this cap a small forcing pump, B, was 
tightly screwed, the piston of which was five-eighths of an 
inch in diameter. There was an aperture, C, in the cap, to 
introduce a valve for the purpose of ascertaining the degree 
of pressure. One pound pressure on this valve indicated 
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m Atmosphere. The piezometer was introduced into the 

cannon, and the water forced in until the cap showed signs 
of leakage ; the valve at the same time indicating a pressure 
of one hundred atmospheres. The piezometer was then 
taken out of the cannon, and the flexible ring found to be 
right inches up yhe rod, evidently pfoving the rod to have 
been forced into the cylinder that distance, showing also a 
compression of about one per cent. We have seen by re- 
peated experiments, that to be able to produce this degree of 
compression, three per cent must be pumped into the gun. 
This fact proves, either that the gun expands, or that the 
water enters the pores of the cast iron ; it is probable both 
these circumstances contribute to produce this effect. 

This experiment was made in America in the year 18x9, 
and before I had time to strengthen my apparatus for the 
purpose of making farther experiments, I was obliged to 
embark for this country. On my passage, however, 1 had 
frequent opportunities of repeating those I had already made, 
and of making others by a natural pressure. They were as 
follows. The piezometer, by the assistance of fifty-four 
pounds of lead attached to it, was sunk in the ocean to the 
depth of five hundred fathoms, which is about equal to the 
pressure of one hundred atmospheres. When drawn in, the 
gauge or ring was found removed eight inches up the rod, indi- 
cating, as in the before-mentioned experiment, a compression 
of one per cent. This experiment was several times repeated^ 
and with the same result. 

The next experiment was that of sinking a strong empty 
porter bottle to the depth of one hundred and fifty fathoms, 
having first tightly corked and seated it, in the following 
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manner. Six coverings of cotton clothe saturated with a 
composition of sealing wax and tar, were strongly fastened 
over the cork, by a cord wound round them, directly under 
the projection at the neck of the bottle. After the bottle had 
been suffered to remain at the depth mentioned a lew' minutes, 
it was drawn up. No water was found to have been forced 
into it, neither was there any visible change at the mouth. 

The same bottle was again sunk, and at the 'increased depth 
of two hundred and twenty fathoms : when drawn in, it was 
found to contain about a gill of water ; but not the slightest 
■visible change had taken place in the sealing. 

The same bottle was now sunk, for the third time, to the 
still greater depth of three hundred fathoms, and when drawn 
up, only a small part of the neck was found attached to the 
line. Its appearance was truly interesting. The bottle was 
not broken by external pressure, but evidently by the ex- 
pansion of the condensed sea-water, which had found its way 
through the sealing. Upon examination, it was found that 
the cork had been compressed into half its length, making 
folds of about one eighth of an inch ; and that the coverings, 
consisting of six layers of cloth and cement, had been torn 
up on one side before the bottle burst. The effect produced 
upon the cork cannot, we imagine, be accounted for but 
in one way, viz. that the water, divided into very minute 
particles, must, by the surrounding pressure of water, have 
been forced through the coverings, and filled the bottle; 
that the water thus forced in and condensed, to a great degree, 
expanded as the pressure was removed by drawing it to- 
wards the surface, not only so as to press the cork back into 
the neck, and, owing to the resistance of the coverings, to 
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comptes^itbalf to size, but to. separate the neck from the 
body of the bottle. 

Ejqwriment* An empty -porter bottle-, the stronge$t3hat 
could be found, was stopped in the. following meaner. A 
cork with , a large bead was firmly driven into the neck ; it 
was then covered with, six layers of fine linen, saturated with 
a composition of ter and wax ; over them was applied a 
covering of leather, and all perfectly secured by being well 
bound at the neck. The. bottle thus prepared Was sunk two 
hundred, and seventy fathoms. When drawn in, it was 
found perfectly sound, and the sealing unchanged ; but filled 
with water to. within an inch of the cork. The coverings 
were taken ofi^. layer after layer, but no signs of moisture 
were visible. Had the bottle remained down a sufficient 
length of time to have completely filled, it would undoubtedly 
have been broken by the expansion of the water upon being 
drawn towards the surface, as was the case in the former ex- 
periment. It is worthy of remark, that when the water from 
this bottle was poured into a tumbler, it effervesced like, mi- 
neral water. * 

Experiment 5. In this experiment two strong bottles were 
sunk to the depth of five hundred fathoms. One of thei^i 
was stopped with a ground glass stopper, and well cemented, 
then placed in a strong canvass bag. When the bag was 
drawn in, it was found that the bottle had been crushed into 
many thousand pieces. The other bottle was very tightly 
corked, but not having been left down a sufficient length of 
time, it came up whole, having filled to within one and a half 
inch. The cork had been driven in and remained so ; but the 
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cementation was unaltered, excepting at the sai&oe, where it 
had become a little concave. 

Being satisfied that the piezometer as first constructed, 
would not show q)l the compression, I determined to make 
one differently modified. The object was to avoid the fric- 
tion occasioned by the collapsing of the leather upon the rod 
under such great pressure. The drawing in Plate XXXII, 
Fig. 3, shows another modification of the piezometer, made 
since I have been in this country. This proves my suspicions 
to have been correct ; since, under the same pressure, it in- 
dicated nearly double the compression shown by the former. 

This instrument is constructed as follows. Fig. 3 being a 
section of it. It is simply a small tube, A, closed at the end, 
B, and water-tight. At the upper end, C, the water is al- 
lowed to enter through a small aperture, E, closed by a very 
sensible valve opening inwards. The tube is flattened at D, 
in order that it may yield to the expansion of the water when 
taken out of the press. 

The experiment with this instrument was made at Mr; 
Kier’s manufactory, in the presence of many scientific gen- 
tlemen. The piezometer being perfectly filled with water 
(the. weight of which was accurately known) was put into an 
hydraulic press, and subjected to a pressure of about three 
hundred and twenty six atmospheres. When it was taken out 
and weighed, there was found an increase of water amounting 
to three and a half per cent. This water had been previously 
boiled, and cooled down to a temperature of forty eight de- 
grees, and kept at the same temperature during the experi- 
ment. 
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A machine calculated to avoid loss of pressure from destruc- 
tion of the materials of which it is composed, will be made 
with all convenient speed. This machine being constructed 
with metallic stuffings and flexible metallic pistons, will effect 
a much greater pressure than the hydraulic press, the power 
of which is limited by the animal stuffing now used, ^.is pro- 
bable, a pressure of from two to three thousand atmospheres 
may be obtained before the metallic piston is destroyed. 

It is expected that this machine will be sufficiently accurate 
to give the exact ratio of the compressibility of water with 
much greater precision than has hitherto been obtained ; but 
tlH results of farther experiments must be the subject of a 
future communication. 


29 « Austin Friars , 
June 6 „ 1820 . 
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XXII. Astronomical Observations. By Stephen Groombridge, Esq. F. R. S . 
Read June *9, 3 8 ao. 

Observations of the Solstices in the years 1818 and 1819. 
Observed zenith distance of the Sun’s centre on the meridian. 



The above observations computed by Mr. Groombridge's Table of Refraction. 
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Oppositions of the New Planets , 
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R. A. London, 1819. 4 0 

Observations Introductory to a Work on English 
Etymology, by John Thomson, M. A. S. &c. 
London, 1819. 4* 

An Inquiry into the Nature and Properties of the 
Blood, as existent in Health ana Disease, by 
C. Turner Thackrah. London, 1819. 8° 

Lectures on the Blood and on the Anatomy, Phy- 
siology, and surgical Pathology of the vascular 
System of the human Body, by James Wilson, 
F. R. S. London, 1819. 8° 

An Essay on Chemical Analysis, chiefly translated 
from the 4th Vol. of the last Edition of the 
Traite de Chimie Elementaire of L. J. The* 
nard, with Additions, comprehending the latest 
Discoveries and Improvements in this Branch 
of the Science, by Jonn George Children, F.R.S. 
London, 1819. 

A Treatise on the Nature and Cure of Gout and 
Rheumatism, including general Considerations 
on morbid States of the digestive Organs, some 
Remarks on Regimen, and practical Observa- 
tions on Gravel, by Charles Scudambrc, M. D. 
3d Edition. London, 1819. 8® 

Medico-Chirurgical Transactions, Vol. 10, Part 1. 

London, 1819. 8° 

Speech of Lieut, General William Thornton in 
the House of Commons, on Thursday, 7th 
May, on his Motion to Repeal the Declarations 
against the Belief of Transubstantiation, and 
asserting the worship of the Church of Rome to 
be Idolatrous, with Authorities and Illustra- 
tions, Deduction and Conclusion. London, 
1818. 8° 


DOKOM* 

Dr. Jerome Molin, 


Dr. G. Fischer, 


Mr. Felix Savart. 

The Commissioners of 
Public Records. 

The Linnean Society. 

Captain Edward Sabine. 

John Thomson, Esq. 

C. Turner Thackrah, 
Esq. 

James Wilson, Esq. 

John Geo.Children, Esq. 


Dr. Charles Scudamore. 


The Medical and Chirur* 
gidd Society of London. 
Lieut. General William 
Thornton. 
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JV w. 4. A History of the high Operation for the Stone 
by Incision above the Pubis, with Observations 
on the Advantages attending it* and an Ac* 
count of the various Methods of Lithotomy, 
from the earliest Periods to the present Time* 
by J. C. Carpue, Esq. London, 181 g. 8© 

The Quarterly Journarof Literature Science and 
the Arts, No. 15. 8® 

Annals of Philosophy, No. 80*83. 8* 

The Philosophical Magazine, No. 255 to 258. 8° 
The Monthly Review for July, August, Sep- 
tember, and October, and Appendix toVol. 89. 8° 
The European Magazine for July, August, Sep- 
tember, and October. . 8° 

11. Surgical Essays by Astley Cooper, F. R. S. 8cc. 
and Benjamin Travers, F. R. S. &c. Part a. 
London, 1819. 8* 

25. The Statutes of the Realm, printed by Command 
of H. M. King George III. in pursuance of an 
Address of the House of Commons of Great 
Britain, Volumes 4, 5 and 6. 1819. F° 

A Sketch ( analytical) of the History and Cure of 
Contagious Fever, by Robert Jackson, M» D. 
London, 1819. 8° 

Medical Topography of Upper Canada, by John 
Douglas, Assistant Surgeon, 8th Regiment. 8° 
A Commentary on the Systems which have been 
advanced for explaining the planetary Motions, 
by James Burney, Esq. R. N. and F. R. S. 
London, 1819. 8° 

De l'Ausculation mediate, ou Traite du Dia- 
gnostic des Maladies des Poumons et du Qoeur, 
rondee principalement sur ce nouveau Moyen 
d* Exploration, par R. T. H. Laennec. Paris, 
1819. 8* 

Die . 9. The Ordnance Survey of Great Britain, Part 1 to 7, 
comprising Essex, Devonshire, Cornwall, Dor- 
setshire, Sussex, Surry, and Wiltshire. 

Esprit, Origine, et Progres des Institutions des 
* principaux Pays de FEurope, par J. D. Meyer. 

Londres, 1819. 2 Vols. 8° 

Elements of a Plan for the Liquidation of the 
public Debt of the United Kingdom, by 

Richard Heathfield, Gent. London, 1819. 8° 

Annals of Philosophy. No. 84. 

The Philosophical Magazine. No. 259. 

The Monthly Review for November. 

The European Magazine for November. 

1 6, Memoires de F Academic Roy ale des Sciences de 
PInstitut de France, annfo 1817, Tome a* 
Paris, 1819. „ 4 0 


DOitoat. 

J* C. Carpue, Esq. 


The Managers of the 
Royal Institution. 

Dr. Thomas Thomson. 
Mr. Alexander Tilloch. 
Mr. George Edward 
Griffiths. 

The Editor. 

Astley Cooper and Ben- 
jamin Travers, Esq. 

The Commissioners of 
Public Records. 


Dr, Robert Jackson. 


John Douglas, Esq. 
Captain James Burney. 


Mr R. T. H. Laennec. 


Major General Mudge. 


Chev. J. D. Meyer. 


Richard Heathfield, Esq. 


Dr. Thomas Thomson. 
Mr. Alexander Tilloch. 
Mr. George Edward 
Griffiths. 

The Editor. 

The Royal Institute of 
France. 
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t$Vg. PRISXNT 3. 

Die, 2$, Ensaio Historico sobre a Origem t Progresses das 
Mathematicas cm Portugal, por Francisco de 
Borja Gar§ao Stockier. Paris/1819. 8® 

Legfio XU. nos Elementos de Geometria Philoso- 
pliica cscritos por Francisco de Borja Stockier, 
a qual tem por titolo das CorreUfoes que ex- 
istem entre as Operayoes elcmentares da Tecbnia 
Geometrica c da Technia Algebraica. Lisboa, 
1819* 8 # 

Account of a Voyage of Discovery to the West 
Coast of Corea and the Great Loo Choo Island, 
with an Appendix, See, by Captain Basil Hail, 
R. N. London, 1818. 4° 

Voyage to Corea and the Island of Loo Choo, by 
Captain Basil Hall, R. N. a New Edition. Lon- 
don, 1820. 12 9 


1820. 

Jan. 13. Traite complette de Mecanique appliquee aux 
Arts, See. Vol. 6 des Machines employees dans 
divers Fabrications, par M. J. A. Borgnis. Pa- 
ris, 1819 4* 

Medico-Chirurgical Transactions published by 
the Medical and Chirurgical Society of London, 
Vol. 10, Part 2. London, 1820. 8° 

Nine Charts, viz. of Gaspar Straits, Carimata 
Passage, West part . of Kilo Leet, Lucepar 
Channel, Romania Channel, Singapore New 
Settlement, Saniangca Bay, Coloom byan Har- 
bour, and Survey of the entrance of Hoogley 
River, by James Horsburgh, Esq. 

Memoire sur PUtilite des Pieces d’Anatomie 
artificielle chirurgicale, par J. F. Ameiine. Paris, 
1819. 8® 

The Quarterly Journal of Literature Science and 
the Arts, No. 1 6. 8® 

Annals of Philosophy, No. 85. 8° 

The Philosophical Magazine, No. 260. 8® 

The Monthly Review for December, 8® 

The European Magazine for December. 8® 

The London Magazine, No. 1. 8° 

A Treatise on Nervous Diseases, by John Cooke, 
M. D. Vol. x. London, 1820. 8® 

A Dissertation on the Disorder of Death, or that 
State of the Frame under the Signs of Death 
called suspended Animation, See. by the Rev. 
Walter Whiter. Norwich, 1819. 8® 

20. E^perienze ed Osservazione sul Galvanismo, Me- 
moria del Sig. Carlo Francesco Bellingeri, M.D. 

4 ? 


POffOtS. 

D. Francis de Borja 
Garpao Stockier. 


Captain Basil Hall, R.N. 


M. J, A, Borgnis. 


The Medical and Chi- 
rurgicai Society of 
London. 

James Horsburgh, Esq. 


M. J. F. Ameiine. 


The Managers of the 
Royal Institution. 

Dr. Thomas Thomson. 
Mr. Alexander Tiiloch. 
Mr. George Edward 
Griffiths, 

The Editor. 

The Editors. 

Dr. John Cooke. 

The Rev. Walter Whiter. 


Dr. Carlo Francesco* 
Bellingeri. 
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OONOtS. 


Jm . CaroU Francisci Josephi Bellingeri Dissert atio 

Chemica Inauguralis quam publice defendebar 
' in Regio Atheneo *9 Maii, 1818. Augustae 
Taurioorum, 1818. 8<> 

Reglement dc la Societe destruction Medicale, 
par Le Chev. J* J. Leroux. Paris, 1818. 4 0 

Travel! in Nubia by the late John Lewis Burck* 
hardt, published by the Association for Pro- 
mo ting the Discovery of the Interior part! of 
Africa, London, 1819. 4? 

Feb. 17. Flora Batava, No. 55. 4® 

Zoognosia Tabulis Syncpticis illustrata in usum 
Praelectionum Academise Imper Med Chirurg. 
Mosquensis edita. Auct. Gorthelf Fischer. 
Mosquiae, 1813 et 1814 3 vols, 4°and 8 a 

Notizen uber die Mineralien Sammlung S, Ex- 
cellenz des» Herren Drs. Alexanders von Crich- 
ton, von Joseph Frederick Wagner. Moskwa, 
1818. 4 0 

An Account of the variolid Epidemic which has 
lately prevailed in Edinburgh and other Parts 
of Scotland, with Observations on the Identity 
of Chicken Pox with modified Small Pox ; in 


a Letter to Sir James M‘Grigor, by John 
Thomson, M. D. London, 1820. 8° 

Annals of Philosophy, No. 86. 8° 

The Philosophical Magazine, No. 261. 8? 

The Monthly Review tor January, and Appendix 
to Vol. 90. 8°. 

The European Magazine for January. g° 

The London Magazine, No. 2. 8° 


An Introduction to Solid Geometry, and to the 
Study of Crystallography, containing an In- 
vestigation ot some of the Properties belonging 
to the Platonic Bodies independent of the Sphere, 
by N. J. Lai kin, M, G. $. London, 1820. 8° 

A View of the Lead Mines of the Missouri, in- 
cluding some Observations on the Mineralogy, 
Geology, Geography, Antiquities, Soil, Cli- 
mate, Population, and Productions of Missouri 
and Arkansaw, and other Sections of the Wes- 
tern Country, by Henry R. Schoolcraft. New 

York, 1819. 8° 

A Biographical Memoir of Hugh Williamson, 
M.D. LL. D , by David Hosac, M.D. New 

York, 1820. 8° 

Bibliotheca MS, Stowensis. A Descriptive Cata- 
logue of the Manuscripts in the Stow Library, 
by the Rev. Charles O'Connor, D. D. Bucking- 
ham, l8i8. 2 Vols. 4® 


Dr. Carlo Francesco 
Bcllingcri. 


M. Leroux, Doyen de la 
Faculte de Medecine k 
Paris* ; 

The Committee of |he 
Association for Pro- 
moting the Discovery 
of the Interior Parts of 
Africa. 

H, M. The King of the 
Netherlands* 

Dr. Gotthelf Fischer. 


Mr. Joseph Frederick. 
Wagner. 


Dr. John Thonvcn. 


Dr. Thomas Thomson. 
Mr. Alexander Tilloch. 
Mr. George Edward 
Griffiths. 

The Editor. 

The Editors. 

Mr. N.J. Larkin. 


Dr. David Hosac. 


The Marquis of Buck- 
ingham. 
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Itao. PUIIKTS, 

Mar. a. The Nautical Almanac and Astronomical Ephe- 
mera for 1822. 8° 

A Catalogue of the Lansdown Manuscripts in 
the British Museum, with Indexes of Persons, 
Places* and Matters, printed by command of 
H, M. King George III. Parts 1 and 2. 1812, 

1819. F® 

Annals of Philosophy, No. 87. 8° 

The Philosophical Magazine, No. 262. 8 9 

The Monthly Review for February. 


The European Magazine for February. 

The London Magazine, No. 3. 

Meteorological Journal kept on board the Marine 
Society's Ship off Deptford Creek in the years 

1816. 1817, 1818, 1819. MS. 

Transactions of the Society instituted at London 

for the Encouragement of Arts Manufactures 
and Commerce, Vol, 37. London, 1820. 8° 

9. Annales des Mines ou Recueil de Merooires sur 
l'Exploitation des Mines et sur les Sciences qui 
$'y rapportent. Annee 1818, Ltv. 2, 3, et 4, et 
Ann£e 1819, Liv. 1, 2, 3. Paris. 8° 

De* Contagi e de la cura di loro Effetti, Lezione 
Medica Practiche del Cav. Valeriano Luigi 
Brera, M. D. Padova, 1819. 2 Vols. 8® 

Prospetri de* Risultamente ottenuti nella Clinica 
Medica dell* I. R. University di Padova nel 
Anni Scolastice, 1809—1816 del Sig. V, L. 
Brera, M.D. Padova, 1816 e 1817. 2 Vols. 8° 
Prospetto della Letture della Sezione di Padova 
chi Caesareo Reg. Instituto di Scienze Lettere 
ed Arti nel corso del* Anno Accademico 1816- 

1817. Padova, 1817. 4° 

Statu ta della I. R. Accidentia di Scienze Letters 

ed Arti di Padova, e Cstalogo degli Accademici. 
Padova, 1816. 4° 

April 1 3. Journal of the Academy of Natural Sciences of 
Philadelphia, Vol. 1, part 2. Philadelphia, 

1818. 8° 
A Journal of Science Literature and the Arts, 

No. 17. 8 9 

Annals of Philosophy, No. 88. 8° 

The Philosophical Magazine, No. 263. 8° 

The Monthly Review tor March. 8° 


The European Magazine for March. 8* 

The London Magazine, No. 4. 8* 

Notice sur l'Archipel de Jean Potocki situe dans 
la Partie septentrionale de la Mer Jaune, par 
Jutes Klaproth, avec une Carte. Pant, 1820. 4* 


»onom. 

The Commissioners of 
Longitude. 

The Commissioners of 
Public Records. 


Dr. Thomas Thomson. 

Mr. Alexander Tilloch. 

Mr. George Edward 
Griffiths. 

The Editor. 

The Editors. 

The Committee of Go- 
vernors of the Marine 
Society. 

The Society for Encou- 
ragement of Arts, Ac. 

Conseil General des 
Mines de France. 


II Cav. Valeriano Luigi 
Brera. 


The Academy of Natural 
Sciences, Philadelphia. 

The Managers of the 
Royal Institution. 

Dr. Thomas Thomson. 
,Mr. Alexander Tilloch. 
Mr. George Edward 
Griffiths. 

The Editor. 

The Editors. 

M. Juki Klaproth. 
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April i$. General Views of the Application of Galvanism 
to Medical Purposes, principally in Cases of 
Suspended Animation, by John Aldini. Lon- 
don, 1819. 8° 

27. Commentationes Societatis Regise Scientiarum 
Gottingensis Recentiore$,Volumen 4 ad A. 18 16- 
1818. Gottingae, 1820. 4® 

Jo. Frid. Blumenbachii decas sexta Collectionis 
suae Craniorum diversarum Gentium illustrata. 
Gottingae, 1820. 4® 

May 4. A Dictionary of the Chinese Language, contain- 
ing all the Characters which octur in the 
original Chinese Dictionary, in 32 Volumes, 
compiled in 1716, by order of H. M. Kang-He, 
Emperor of China, by the Rev. R. Morrison, 
Vol. 1, part 3. Macao, 1818. 4 0 

Annals of Philosophy, No. 79. 8° 

The Philosophical Magazine, No. 264. 8® 

The Monthly Review tor April. 8° 

The European Magazine for April. 8® 

The London Magazine, No. 5. 8® 

ix. Transactions of the Horticultural Society, Vol. 4, 
Part 1. London, 1820. 4® 

Geological Map of England in 6 Sheets and 
Memoir of a Geological Map of England, to 
which are added an Alphabetical Index to the 
Hills, and a List ot the Hills arranged according 
to Counties, by . G. B. G reenough, Pres, Geol. 
Soc £cc. London, 1820. 4 0 

The Modern London Catalogue of Books, with 
their Si^es, Prices, and Publishers. London, 
1818. 8® 

Vindici® Geologic®, or the Connection of Ge. 
ology with Religion explained, in an Inaugural 
Lecture delivered before the University of Ox- 
ford, May 15, 1819, on the Endowment of a 
Readership in Geology, by H. R. H. the Prince 
Regent ; by the Rev. W. Buckland, B. D. Sc c, 
Oxford, 182a 4° 

18. M£raoire sur la Digue de Cherbourg comparee au 
Breakwater ou Jetee de Plymouth, par J. M. F. 
Cachin. Paris, 1820. 4° 

Su la Falsiti dell* Origine Scandinava data ai 

Popoli detti Barbari che distrussero V Impero 
di Roma, Dissertazione Istorica di Jacopo Gr&- 
berg di Hemso. Pisa, 1813. 8° 

Appellation au Parlement de la Grande Bretagne, 
by Hoene Wronski. London, 1820. . 12° 

A Journey in Carnioia, Italy, and France, in the 
years 1817 and 1818, containing remarks re- 
fating to Language, Geography, History, An- 


dojiors. 
Mr. JohnAldini. 


The Royal Society of 
Sciences of Gottingen, 

Professor J, F. Biumen- 
bach. 

The Court of Directors 
of the Hon. East India 
Company. 


Dr. Thomas Thomson. 
Mr* Alexander Tilloch. 
Mr. George Edward 
Griffith. 

The Editor, 

The Editors. 

The Horticultural So- 
ciety. 

G. B. Greenough, Esq. 


Mr. William Bent. 


Rev. William Buckland. 


M.J.M. F. Cachin. 

Sig. Jacopo Gr&bcrg di 
Hemsd. 


M. Hoene Wronsky. 


W. A, Cadell, Esq. 
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DO WORK 


PRESENTS. 

Equities, Natural History, Science, Tainting, 
Sculpture, Architecture, Agriculture, the Me- 
chanical Arts and Manufactures, by W. A. 
♦Cadell, Esq with Engravings. Edinburgh, 
1820. 3 Veils. $• 

A Circumstantial and Explanatory Account of 
Experiments lately made with a View of ascer- 
taining the comparative Accuracy of the relative 
Times of Burning of Fuzes, Ac, with an 
Appendix on the present state of Telegraphic 
Communication in this Country, by John Mac- 
donald, Esq. London, 1819. 8° 

MEAETH THS KOINH 2 EAAHNIKH 2 
AIAAEKTOT, or Study of the Modern Greek 
Language, by P. Codrifca, Vol.i. Paris, 1818. 8° 
June 1. Astronomical Observations made at the Radcliffe 
Observatory at Oxfbrd, from May i> 1819, to 
May 1, 1820, by and under the direction of the 
Rev. Abram Robertson, D. D. F, R. S. Sav, 
Prof, of Astron. and Radcliffian Observer. MS. 

F* 

Transactions of the Geological Society, established 
Noy, 13, 180 7, Vol. 5, Part 1. London, 1819 4° 
Traite complet de Mecanique appliquee aux Arts, 
par M. A Borgnis, Vol. 7, Des Machines qut 
aervent a confectioner les Etoffes. Paris, 1820, 

4 # 

Essays on the Combinatorial Analysis, showing 
its Application to some of the most useful ana 
interesting Problems of Algebra, by Peter Ni- 
cholson. London, 1818. 8® 

Essay on Involution and Evolution, containing 
a new general and accurate Method of ascer- 
taining the numerical Value of any Functions 


of an unknown Quantity, by P. Nicholson. 

London, 1 820. 88 

The Rudiments of Algebra, by P. Nicholson. 

London, 1819. 12* 

Annals of Philosophy, No. 90. 8® 

The Philosophical Magazine, No. 265. 8* 

The Monthly Review for May, and Appendix to 
Vol. 91. 

The London Magazine, No. 6. 8® 

The European Magazine for May. 8® 

8. Flora Batava, No. 56. 4® 


The Ordnance Survey of Great Britain, part 8. 

Report of the Lords Committees appointed to 
search the Journals of the House Rolls of 
Parliament and other Records and Documents 
for all Matters touching the Dignity of a Peer 
4pf the Realm, Ac. May 25, 1820. F Q 


Lieut* Col. John Mac- 
donald. 


Mr. P, Codrika. 


The Trustees under the 
Will of the late Dr. 
Radcliffe. 


The Geological Society. 
M. J. A. Borgnis. 


Mr. Peter Nicholson. 


Dr. Thomas Thomson. 
Mr. Alexander Tilloch. 
Mr. George Edward 
Griffiths. 

The Editors. 

The Editor. 

H. M. The King of the 
Netherlands. 

Captain Thomas Colby, 
Lord Redesdale. 
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Jun« *9, The Hunterian Oration delivered before the Royal 
College of Surgeon* in London, on Monday* 
February 2 1, 18 so, by Anthony Carlisle, Esq. 
F. R. S. London, 1820, 4 0 

Lettera di Francesco Gianpietri intorno alle Mo* 
itete Aragonese ultimamemi trovati nella Cupra 
dl St, Efrem, all* Excelientissimo Cavaliere 
Luigi de’ Medici. Naples, 1819. 4 0 . 

Annals of Oriental Literature, Part 1. For June 
1820. 8* 

Annals of Philosophy, No. 91, 8* 

The London Magazine, No. 7. 

On Circular Polarisation, as exhibited in the 
Optical Structure of the Amethyst, with Re- 
marks on the Distribution of the Colouring 
Matter in that Mineral, by David Brewster, 
LL.D. Edinburgh* 1820. 40 

July 7. AIONTSIOT AAIKAPNA 22 ED 5 PDMA- 
IKH2 APXAIOAOriAS TA MEXPI 
TOTAE EAAEiriONTA. Dionysii Halt- 
carnassei Rormnarum Antiquitatum Pars hac- 
tenus desiderata nunc denique ope Codicum 
Ambrosionarum ab Angelo Maio, Ambrosiani 
Collegii Doctore, quantum lieu it restituta. 
Opus Francisco I. Augusto sacrum. Medio- 
lani, 1816. 4* 

Eusebii Pamphili Chronicorum Canonum Libri 
Duo. Opus ex Haicano Codice a Doctore Jo* 
hanne Zohrabo Collegii Armeniaci Veneti- 
arum Alumno diligenter expres9um et casti- 
gatum, Angelus Maius et Johannes Zohrabus 
nunc primum conjunct!* Curis Latmitate dona- 
turn Notisque illustratum, additts Graecis Reli- 
quiis, ediderunt. Mediolani, 1818. 4° 

M. Tullii Ciceronis sex Orationum Partes ante 
nostram Aetatem ineditse cum antique interprete 
ante nostram item Aetatem inedito qui Videtur 
Asconius Pedianus ad Tullianas ’‘eptem Orati- 
oues. Accedunt Scholia minora vetera. Edition 
altera quam ad Codices Ambiosianos recensuit 
emendavit et auxit ac Descriptione Codicum 
CXLIX. Vita Ciceronis aliisque Additamentis 
instruxit Angelus Maius, Amb. Colleg. Doct. 
Mediolani, 1817. 8° 

lsocratis Oratio de Pcrmutatione, cujus Pars 
ingens primum Grace edita ab Andrea Mus- 
toxido, nunc primum Latine exhibetur ab 
Anonyzno Interprete, qui et Notas et Appen- 
dices adjunxit. Mediolani, 1813. 8® 

M Cornelii Fro.tonis Opera inedita, cum Epis* 
tolis item ineditis Antonini Pii, M. Aurelii, L. 
Veri, et Appiani, nec non Aliorum Veterum 

mdcccxx. Y y 


dono.s. 

Anthony Carlisle, Esq. 


Sig. Francesco Gian- 
pietri. 


The Editor. 

Dr. Thomas Thomson. 
The Editors. 

Dr. David Brewster. 


H. R. H. the Archduke 
Maximilian. 
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0OMORI. 


Jf Mfy 7. Fragmentis iimmit et Coamtetetario praesrio 
Notisque illustrarit Angel us' Maids Biblio- 
theca: Ambrosisnae aLmguis OrientalibuS. Cut 
adduntur seu edita seu cogoita ejusdem Fron- 
toms Opera. Mediolani, 1815. 2 V<ds« 8° 
Philonis Judaei de Copheni Fes to et de Coiendis 
Parentibus, cum brevi Script© de Iona, Editore 
etlnterprete Angelo Maio, A.C.B. Keg. Belg. 
Inst. Sod. ad Leopoldum Frincipem EtrurS* 
Heredem. Mediolani, 1818. 8* 

Virgilii Maronis Interpreter vetercs Asper Cornu- 
tus»Hasterianus Longus, Nisus Probus, Scaurus 
Sulpiciusu et Anonym us, edente nodaque Hlus- 
trante Angelo Maio, A.C.D. Reg. Belg. Inst. 
Sod. ad Leopoldum Principem Etrurise Here- 
dem. Mediolani, 1818* ' 48 

noiwpior <WAOScwor npos map- 

KEAAAN. Porphyrii Philosophi ad Mar- 
cellam, in renit Interprctatidne Nbtisque de- 
claravit Angelas Maius, A. C. D. Acad. R. 
Monce Sod. Accedit ejusdem Porphyrii Po- 
edcum Fragmentum, Mediolani, 1816. 4% 

De Philonis Judaei et Eusebii Pamphili Scripds 
ineditia Aliorumquc Libris ex Armeniaca Lin- 
gua convertendis Dissertatio, cum ipsorum 
Operum Philonis ac prsesertim Eusebii Speci- 
xsinibus. scribente Angelo Maio, A. C* D. ex 
Notitia sibi ab Armeniacorum Codicum Do- 
minis impertita. Mediolani, 1816. 8° 

Aurelii Sum mac hi, V. C. Octo Orationum in- 
editarum Partes, invenit Notisque declaravit 
Angelas Maius, Bibliothecae Ambrmianae a Lin- 
guis Orientalibus. Accedunt Additamenta quae- 
dam. Mediolani, 1815. 8° 

Itinerarium Alexandra ad Constantium Augustum, 
Constandni M..Filium, edente nunc primura 
cum Notis Angelo Maio, Amb. Coll. Doct. 
Mediolani, 1817. 4* 

2 IBTAAHS AOrpS IA. Sibyliae Liber XiV. 
Editore et Inferprcte Angelo Maio, Amb. Coll. 
Doct. Additur Sextus Liber et Pars Octavi, 
cum multa Vocum et Versuum Varietate. Me- 
diolani, 1817. 4° 

M. Acd Plauti Fragmenta inedita, item ad P. 
Terentium Commentations et Picturae ine- 
ditae, Invenrore Angelo Maio, Bib. Ambros A. 
LL. Or. Mediolani, 1815. 8° 

ISAIOT Aoros HEPI TOT KAEONTMOT 
KAHPOT. Isaei Oratio de Hereditate Cleonymi 
nunc primum duplo Auctor Inventore et Inter- 
prete Angelo- Maio, Bib. ‘Amb. A. LL. OR* Me- 
diolani, 1815. 8° 


1 Archduke 
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July 7, Julii Valerii Res Gestae Alexandra Macedonia 
translatse ex Aesopo Graeco,- prodeunt nunc 
primnm, cdente Notisque illustrante Angelo 
Maio, A C D. Mediolani, 1817. 4* 

0 EMISTIOT 4 >IAOSOK)T AOrOS riPOS 
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